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P REFACE. 


In y 877 my predecessor. Dr. Arthur Gamgee, issued 

a volume entitled “ Studies from the Physiological 

# 

Laboratory of Owens College.” I have therefore 
deemed it a< lot sable to retain^ the title for the present 
volume, which # is published l by the Council of the 
College , and contains the results of some of the 
investigations carried on in the Physiological 
Laboratory during the last two or three years . 
Some of the papers are reprinted from the Journal 
of Physiology, from the Quarterly. Journal of 
Microscopical Science, and from the Journal of 
Anatomy and Physiology. These papers are re- 
printed with the permission of the Pd l tors of these 
Journals. 

Several of the papers • appear for the first time, 

m 

Amongst these. Dr. Ste/w art’s papers oji “ Loss of 
Heat by lladAalion ” and The Electrolysis of A nimal 
Tissues ” are very important contributions to the 
subjects on which they treat. 
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WILLIAM STIRLING, M.D., Sc.IX, 

JBrackenbury Profossor of Physiology and Histology in Owens College. 


Foil a long time anatomists and physiologists have been 
acquainted with tho fact that the muscles of different animals 
differ notably in colour, structure, and physiological properties, 
and that even in the same animal there are differences in colour 
amongst the muscles. Everyone is familiar with the fact that 
the muscles of the breast of a fowl are lighter in colour than 
those of the legs; and even after being cooked this difference is 
quite marked, The muscles of the breast in some birds also 
differ in colour; thus in the partridge the pectoral is major is 
dark coloured, while the pectoral is minor is much lighter in 
tint. Similar differences obtain in the rabbit, as was shown by 
W. Krause* in 1808. Thus the semitendinosus is a red muscle, 
while the vastus interims and adductor magnus are pale muscles. 
jlVuV^ the colour of the red muscles is not due to the blood 
present in their blood vessels was proved by W. Kulme,*}* who 
washed out the blood by means of a half per cent solution of 
common salt, and found that the muscles still retained their 
colour — that, in fact, it was incorporated with the sarcous 
substance, and was identical with haemoglobin, giving a 
spectrum ‘the sar/ie as that of the blood pigment. * 

The more recent observations of MacMunn have shown that in 
certain muscles the colouration is due to the presence of a special 
pigment called by him my o- lupin a tin. RanvierJ observed that 
the red and pale muscles of the rabbit differed not only in colour 

# Die Anatmnfk d. Ka n inch ens. 1808. a 

+ Ueber d. Farbstoff d. Liuskeln. Virch. Arch. 1805. 

X Archives de Physiol. Norm &c. 13/4, p. 5. 
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but also in histological and physiological properties. Structurally 
the fibres of the red muscles, as compared with the pale, are 
smaller in diameter, while the musele-ecrpuscles or nuclei are 
numerous and somewhat spherical in shape, and placed peri- 
pherally under the sarcolemma; in the pale muscles, however, 
they are fusiform, fewer, and scattered throughout the sarcous 
substance. In the pale muscles the transverse striation is less 
regular than in the red. They also differ in the arrangement of 
their blood-vessels. In the pale muscles the arrangement of the 
muscular capillaries is such as obtains in ordinary striated 
voluntary muscles. In the red muscles, however, the capillaries 
between the muscular fibres arc more wavy, while the transverse 
connecting capillaries and the veins frequently have small oval 
or fusiform dilatations on them like little aneurisms. Physio- 
logically they differ also. Ranvier showed that the pale muscles 
were not so easily tetanised as the red ones; but he estimated 
the number of shocks necessary to produce tetanus at far too 
high a number. Kronecker and Stirling, in their investigation 
on the “Genesis* of Tetanus/’* showed that in this Ranvier 
was in error, as they found that 10 stimuli per second cause a 
tolerably complete tetanus of the red muscles, while the pale 
muscles of the rabbit require 20-30 stimuli per second to pro- 
duce complete tetanus. The duration of the contraction of the 
red muscles further is nearly twice as long as that of the pale. 
The red muscles therefore contract more slowly, and 
contraction is more sustained and prolonged. They thus form 
a Jess highly evolved form of muscular tissue — i.e., speaking 
physiologically as regards mere rapidity of contraction. 

Meyer has described similar differences in the colour and 
general structure of the muscles of the guinea pig.'f* 

A similar distinction exists also in the muscles of -Insects, as 
shown by R V. Limbeck, t Thus in the common water beetle, 
Dytiscus marginalis, even with the unaided eye, on opening the 
abdomen and thorax, one secs a sharp contrast in the colour of 

* Journal of Plntsiul. i., p. 384. 

t Geber rotho n. blasso quergest. Maekeln, Archiu. f. Physiol, von du Bois 
Rcymond, p. 21/. 1875. v 

% Zur Keuntniss d. Banos d. Insectenxunskeln. Sifzh. th lc. AJccul . d, }Vv »- 
sensch . AT "C Cl as. Bd. xci. 1885. 41 t 
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the muscles exposed to view. While the muscles in the 
abdomen are pale, the muscles which almost fill* the thorax 
have a yellowish, indeed almost a brownish colour, and are 
thus sharply marked off from the others. They differ markedly 
in structure. • 

Fishes. — Gunther says as regards fishes , that ‘Each lateral 
‘ muscle is divided by a medium longitudinal groove into a 
‘ dorsal and ventral half ; the depression in its middle is filled 
■ ‘ by an embryonal muscular substance, which contains a large 
‘quantity of fat and blood-vessels, and therefore differs from 
‘ ordinary muscle by its softer consistency, and by its colour, 
‘ which is reddish or grayish . 5 * * 

Arrangement of Muscles . — The muscles of an osseous fish 
are arranged into vertical segments or myotomes corresponding 
in number with the vertebra*, and separated from one another 
by flat septa of connective tissue, while the fibres run in a fore 
and aft or horizontal, course from one septum to the next one. 
They are therefore very short, and the connective tissue is 
peculiar in this respect, that boiling for a few minutes suffices 
to dissolve it, so that the muscular myotonies are easily separa- 
ted one from another. The myotomes are connected internally 
with the bones of the vertebral column, and externally with 
the skin. The myotomes do not run in the same vertical 
plane, but pursue a zig-zag course. From the dor^tl middle line 
they incline backwards then forwards, then backwards, and 
then bend at an angle forwards to reach the middle line, so that 
the apices of the parts above the middle line look backwards, 
and those at it look forwards, while below this line another 
series of apices are directed towards the tail. One set is described 
as a dorsal longitudinal muscle with tendinous insertions! and 
the other as a ventral longitudinal muscle. •* 

Colour of the Muscles . — I daresay everyonfe is more or less 
familiar with the fact that, when* a herring is boiled and the 
skin stripped off, a thin layer of reddish-brown tint is seen 
chiefly along * + he sides, and shading off dorsally and ventrally 

* Introduction to the Study *>f Fishes, p. 1)3. 
t Owen, Comp . Anat* and Pays, of Vertebrates , i. p. 204. 
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under this is the paler muscle. In the unboiled or fresh condition 
there is also a sharp difference in colour between these two 
muscles, the darker one corresponds to the Ved muscles of rabbits, 
and the deeper and far bulkier myotomes of lighter tint to the 
* pale white muscles. The red' fibres are arranged in series with 
the myotomes. The red ;nuscle is thickest along the lateral 
line, although it does not follow this line exactly, and it shades 
off dorsally and ventrally. The exact distribution and thickness 
of this muscle is best seen in a transverse section through 
the body. The red muscle is crescentic in shape and thickest 
in the interval between the dorsal and ventral portions of the 
myotomes, and tapering away to become thinner as it passes 
dorsally and ventrally. A thin slip from it passes inwards 
horizontally at each myotome, to be attached to the vertebral 
column. Two thin red muscles diverge from the middle line 
just at the base of the tail, to he inserted into the fin rays. 

Whiting , — A similar arrangement of a segmented lamina of 
a coloured or red muscle exists in the whiting, but when boiled 
the colour passes' more into the yellow. It does not form, 
however, quite so continuous a layer as in the mackerel, being 
thickest over the centre of each myotome and thinner opposite 
the connective tissue septa. It is thickest just under the position 
of the lateral line and between the dorsal and ventral parts of 
the myotomes, being wedge-shaped in section. From this wedge- 
shaped part, fibres directed longitudinally pass down tc the 
vertebral column. Two other thin wedge-shaped parts exist in 
the intervals between adjoining cones of the myotomes, one 
above and one below, on each side, and some prolongations of 
these pass inwards to reach the middle line. Some coloured 
fibres exist in connection with the dorsal fins. 

Mackirel . — A similar red muscle exists in the inackeTel, where,, 
however, it is deeper tinted and more highly developed. It is 
crescentic in shape and is continued inwards on both sides as a 
well-markfed horizontal prolongation of muscular substance 
attached to the vertebral column. The red muscle is so strongly 
marked c that it at once arresrts the attention when a transverse 
section of IW body of the animal is made. ■ 
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Haddock — A similar arrangement exists in this fish. There 
is the corresponding radiating muscle attached to the rays of 
the tail. Similar rell muscles exist in many fishes, c.g the 
salmon, and many others. 

In flat fish, such as the plaice , the red muscle is well developed. 
After being boiled these muscles ^assume a light-brown tint. 
The fishes were all boiled to Suable the skin to be readily 
removed. The -red coloured muscle follows the zig-zag course 
of the myo tomes, being thickest along the mesial lateral line, 
and thinner as it goes # out wards ; while it is thickest over the 
centre of each myotome, and thinner over the septa of connective 
tissue. A thin separate red muscle, blended with or rather 
lying in a depression of a white one, is to be seen along the 
marginal fin rays. The latter appear most distinctly when the 
fish is skinned and left exposed to the air for a time, when the 
pigment, even though altered by boiling, assumes a deeper tint. 
In other flat fish, such as the flounder, a similar red muscle 
exists. 

Histological Structure . — On making a trahs verse section of a 
whiting or haddock across the mesial lateral line, so as to include 
the red muscle at its thickest part, and also the pale muscles, a 
low-power view reveals the subcutaneous fascia investing the 
muscle, and sending a well-marked septum to the vertebral 
column. Other concentric septa separate the muscular fibres 
intd'lamclhe. It will be seen at once that there lire two kinds 
■of muscular fibres — one (the red) lying under the fascia, and 
‘Continued as a thinner layer inwards to the vertebral column, 
and the other forming the great mass of the laminae — the pale 
white muscles. On transverse section the red muscle appears 
darker, and its sectional area is smaller than the pale fibres, 
which are thicker fibres altogether. In this respect they corres- 
pond to the red muscles of the rabbit. There is no difficulty 
in separating the groups of red fibres from the pale ones. All 
are supported by a certain amount of connective tissue — the 
septa playing the part of a perimysium, from which fibres 
proceed as a sustentacyilar endomysium. * 

The sharp distinction between these two kindr- of -muscle is 
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far better marked in the mackerel. In a transverse section the 
red muscles arc seen lying in a depression of the pale ones, and 
accurately mapped off from the latter by a septum. The red 
fibres are much smaller than the pale ones. Between the large 
pale fibres are many fat-cells, forming a nearly continuous net- 
work between the fibres, while this exists to a much less degree 
in the area of the red muscles. It is very probable that the 
condition of these fat-cclls varies at different periods of the year. 

If one of the red muscles of a whiting or mackerel be teased 
out so as to isolate a muscular fibre, on examining it with an 
ordinary power of the microscope, it is seen to be transversely 
strutted, but the stria* may nbt be very marked, and nuclei are 
seen with difficulty. What is very remarkable, however, is the 
existence in the substance of the sarcous matter of rows of small, 
bright, refractive granules, in some fibres assuming a more or 
less longitudinal (‘curse, three, four, or more rows, being found 
abreast in a fibre. In others the granules may be more densely 
packed, and assume a more transverse direction. All the red 
fibres are not equally granular — some being more so, others less. 
The small granules arc undoubtedly fatty in their nature, for, 
apart altogether from their optical characters, they are soluble 
in ether, and are blackened by osmic acid. When ether is 
added they disappear, and the fibre assumes the appearance of 
a transversely striated fibre. A transverse section of such fibres 
is particularly instructive, for we see the polygonal shape of the 
fibres, and note that the granules lie in the substance of the 
sarcous matter. It is no uncommon tiling to meet with granules 
in the substance of muscle. In the muscles of some insects they 
are particularly well marked, but in these cases they are not 
fatty in their nature. They are spoken of as ‘ interstitial gran- 
ules/ Flogef, has described the existence of granules in the 
muscles of insects, and Biedermann * has shown that they occur 
in the fibrilke of the thoracic muscLs of the humble-bee. These 
granules differ both in their position in the sarcous substance 
and in their chemical nature, from those found in the red 

* Zur Lelirc v. Bau d. quergest. Muskelfaser, Sit zb. d. k. Ako.d . d. 

1 tu Wien , lxxiv. 
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muscles of fishes. These fibres composing the red muscles, 
present all the appearances of a muscle in a state of fatty 
infiltration or fatty degeneration. 

As to the exact position of the fatty granules iti relation to 
the elements of a muscular fibre, there is some doubt. Most* 
probably they exist in the cement ^substance, or rather the sar- 
cogli a, between the individual* fibrilhe, and it is possible that 
they may stand in some relation to the nutrition of the fibre 
itself, so that, instead of being a metabolic product in the down- 
ward direction, they may have some relation to the constructive 
metabolism of the fibre itself. We know, from the researches of 
Arnold * and L. Gerlacli/f* that •the cement substance is the 
channel along whifih the sareous substance seems to receive its 
nutriment. Sulphindigotate of soda is deposited in granules in 
what is regarded as the cement substance between the bundles 
of fibril he. 

So far I have had no opportunity of ascertaining whether the 
arrangement of the blood-vessels differs in the two kinds of 
muscles, or whether there is any difference in their chemical 
composition, more especially as regards the amount of glycogen 
they contain. In mammals the red muscles contain more gly- 
cogen than the pale ones. These points are reserved for future 
research, and are not without interest, seeing that in the 
mammal so marked differences obtain in these respects. This 
communication is merely a* preliminary statement of some of 
the results already obtained. 

( Reprinted from the Fourth Annual Report of the Fishery Board for 

Scotland.) 


* Dio Abscheidung d. indigf>§ehwef. Natrons i. Muskelgeweb. VirchfArch. 1877 
t Das Verhalten d. iu£ig. Natrons i. Knorp. lebend. Thiere. NrL-.igori/ 187b. 



On the Stimulation Effects in a Polarised Nerve during 
and after the Flow of the Polarising Current. 

BY 

G. N. STEWART, M.A., D.Sc, M.B. 

Formerly Senior Demonstrator of Physiology, Owens College, 

George Henry Lewes Student. 

The object of the enquiry was to investigate the electrical 
changes which take place in a polarised nerve when it is 
stimulated, both during the flow and after the opening of the 
polarising current, so far as these changes have not hitherto been 
studied, or where the study of them lias been incomplete. It 
was thought that if the gaps in our knowledge of this subject 
could be filled, the search for a principle by which to explain 
the phenomena, whose fundamental unity it is difficult to doubt, 
would be made at once more easy and more safe. I have tried 
to obtain not only qualitative but also quantitative results, 
relying in the latter case rather on comparison of di Horen t 
experiments on the same nerve, than on observations made on 
different nerves at different times. I shall endeavour here, as 
briefly as possible, to chronicle the results and to discuss them; 
to connect them with each other if lean, to connect them with 
already established facts if that be possible; and finally to 
suggest an explanation of them. 

I. Galvanometiuo observations during the flow of the 

POLARIS! Np CURRENT, WHERE THE WHOLE INTRAPOLAR AREA 
IS LED OFF TOi THE GALVANOMETER. 

1. irnulat i tig electrodes in extvapolar region. 

Grunhagen found in 1805) that, when a nerve is traversed by 
a current, the jn tensity of the current i& apparently increased 
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by stimulation. He explained this as due to a diminution of 
resistance. # 

Hermann, withoufrknowing of Griinliagens work, rediscovered 
the phenomenon, and investigated it more closely. He found 

1. That the effect is proportional to the strength of the current^ 
only within a very limited range. # 

2. As the strength of the current is increased, the effect of 
stimulation on .the side of the cathode diminishes rapidly and 
ultimately falls out altogether. 

With stimulation on the side of the anode the* effect goes 
on increasing, but not in proportion to the increase of the 
current, • 

4. A current sent transversely through the nerve is not 
affected by stimulation. 

What 1 wished particularly to study was the case where 
stimulation is made on the anodic side. Hermann was unable to 
say whether in this case the effect reaches a maximum or con- 
tinually increases. For the deflection became so irregular, when 


Fro. J. 
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the current was strengthened, that it was impossible to continue 
the observations. It was just, however, the strong currents 
which it was most important to study. 'Ll this difficulty a 
device occurred to me which has proved to be of very great 
^service. 1 thought that, if the two nerves of the same frog 
were put one into each coil # of a differential galvanometer, the 
current being divided between them, any irregularities in battery 
or nerves would be eliminated. The stimulation effect could 
then be got by exciting one of the nerves. 

Fig. 1 shews the arrangement adopted. 

As it was not possible to adjust the nerves so that the 
resistance should be the sau\e in both circuits, a rheostat was 
connected up in such a way that it could be placed in series with 
either of them. Then, with a very weak polarising current, the 
resistance was arranged so as to bring the image to zero of the 
scale. The intensity of the current would then be the same in 
both nerve circuits, if the galvanometer constant of the two 
coils was the same and also the moment of the two magnets. 
At corresponding cross sections the current density would, be 
approximately the same, and therefore whatever gal vanometric 
change was caused in one nerve by the continual flow of the 
curreut would be balanced by an equal change in the other, 
except so far as accidental differences in the properties liable to 
be affected by the current are concerned. When the stronger 
current was now closed, the adjustment was still nearly right. 
The rheostat was 4 again arranged so as to bring the image to zero, 
if the deflection was large. Then the stimulation effect was 
observed. In this way it was found possible to work with 
currents corresponding to an E. M.E. of 7 or 8 Daniells with as 
much comfort, and nearly as great accuracy, as with 1 Daniel 1 
when a “ Reductionsrolle ” was used. 

Experiments 1 and 2 are examples of the method. 

The whole rhcocfiord contained 2,000 rheochord units. 

Before adopting this arrangement I had made a series of ex- 
periments in which the irregularity was diminished by shunting 
the galvanometer, the deflection being balanced by a “ Reduc- 
tionsrolle.” The results here were not at all doubtful, although 
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the method was inconvenient and not well suited for quantita- 
tive work. Experiments *3 and 4 may serve as examples. I 
do not lay much stress upon the actual numbers here, except 
witli the unshunted galvanometer and my conclusions are] 
based mainly upon the results of the first method. 


Experiment 1. ^ * Experiment 2. 
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Except when it is otherwise stated, the stimulating electrodes 
were at the central end of the nerve. *■ 

In all the experiments the numbers "under the heading 
“Stimulus ” refer to the distance between the coils of the induc- 
tion machine expressed in millimetres. 1 D under “Polarising 
current” means one Daniell. The sign prefixed to the numbers 
in the column headed “ Stimulation effect ” gives the direction 
of the effect referred to that of the polarising stream, a. + effect 
being one in the same direction, a — effect one in the opposite 
direction. Jn Experiments 3 and 4 the numbers representing 
the stimulation effect must be multiplied by the shunt number, 
in order to get the absolute deflection. In Experiments 1 and 2 
the numbers must be doubled in order to compare with obser- 
vations where the whole galvanometer was in circuit with one 
nerve, because here the stimulated nerve was connected up with 
only one coil. Again in 1 and 2 Helmholtzs wire was used, 
and there were two Daniells in the primary. In 3 and 4 there 
was only one Daniell in the primary, but the ordinary tetanising 
arrangement was employed. Even if the external conditions 
were made the same, it would not he so safe to compare the 
results from different nerves as to compare those from the same 
nerve. What is very evident from all the experiments (of 
course those quoted are only a sample) is that with stimulation 
on the anodic side a limiting intensity of current cam he readied 
for which the stimulation- effect <lisappears altogether. This 
lies much higher than the limiting intensity for stimulation on 
the cathodic side. It is raised by strengthening the stimulus 
in both cases, but this is much more marked for anodic than for 
■cathodic stimulation. The longer the piece of nerve between 
the polarising electrodes, the greater, in general, must the E. M. F. 
he with which the limit is reached ; in other words, the current 
density is the function of the current which is chiefly concerned. 
Experiment 3 shows very clearly th;;t the decline of the effect 
as the current is increased is Aot due to permanent injury to 
the nerve, for with 1 D | the effect is rather greater at the end 
than at the beginning. That, the decline is not ' due to the 
deepening anelectro tonus at the stimulated point, we shall be 
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able to shew later on, when we come to speak of the comparison 
of the extra- and intrapol&r effects. To eliminate this possibility, 
as far as might bS, the stimulating electrodes were always 
placed at as great a distance from tfie polarising circuit as the 
conditions of the experiment allowed. 

The curve of the stimulation effect, then, rises from a zero 
value and sinks to a zero value again. Between the two points 
where it cuts the abscissa axis it must have at least one 
maximum. I tried to determine the current density corres- 
ponding to which the anodic curve reaches its maximum ; and 
it came out that this current density cannot lie very far from 
that for which the cathodic curvp cuts the abscissa. It will be 
seen that in the experiments already cited the highest values of 
the stimulation effect for the descending current al why s corres- 
pond to zero, or something very like^zero, for the ascending 
current. Thus in Experiment 3, 1. D J gi ves the largest stimu- 
lation effect; 1 I) f gives one which is so much smaller that a 
slight increase in the current would have brought us to the 
zero. In Experiment 4, 17 D 1 corresponds to the maximum, 
and 1*7 1) f to the minimum. Experiment 1 was not directed 
to this point, and there is too great a gap between 1 Hand o D. 
What we see is that with I D whole Rh f the cathodic curve is 
already lower than the anodic (leaving out of account the 
doubtful observation), which is higher than with any of the 
stronger currents. 


Experiment 5. Experiment 6. Experiment 7. 
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Experiment 5 is an example of observations specially devoted 
to this point. Experiment (> compare's the effect with the two 
directions for currents which were too faeak to produce a 
complete block at the cathode. 

Experiment 7 shows that in a perfectly fresh nerve the limit 
was certainly not higher than 8 Daniells for the descending 
current. 

The results of this section may be summarised as follows: — 

1. When stimulation is made on the side of the anode, the 
absolute amount of the effect increases to a certain extent with 
increase of current; then reaches a maximum, diminishes, and 
finally passes through a null value. 

2. The intensity of current which corresponds to the maxi- 
mum of thfe curve for stimulation on the side of the anode lies 
near that which corresponds to the minimum (null value) of the 
curve for stimulation on the side of the cathode. 

3. Neither of the curves lias a negative course below the 
abscissa axis for any intensity of stimulation used by me. 

Both curves are near their origin straight lines. This part of 
the anodic curve is longer than the corresponding part of the 
cathodic (See Figs. 11-13). 

2. Stimulating electrodes in i ntragolar region. 

We have seen that there is a limit beyond which extrapolar 
stimulation on the side of the anode evokes no response in the 
intrapolar area, any more than stimulation on the side of the 
cathode. The block at the cathode we know to be a polar 
effect, because stimulation on the side of the anode is as effective 
as before. Besides, there is plenty of direct proof that the 
ihtrapolar area as a whole has not lost its excitability and con- 
ductivity, •when the cathode has become impUssable; The 
question, therefore, arises, Is the final disappearance of the 
effect due to a polar anodic block, or is it due to a depression 
of conductivity in the whole intrapolar region, extending also 
into the nearest extrapolar parts ? If the depression is limited 
to the region immediately around the anode, there is* no reason 
why the infra polar effect should not persist with intrapolar 
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stimulation long after it has ceased with cxtrapolar. Tins 
assumes that excitation <J.' the intrapolar area generally is the 
essential condition of the stimulation effect. If the essential 
condition be a difference in the intensity of excitation at the two 
poles, in other words if polarisation increment be the main 
factor, then indeed intrapolar stimulation might be effective 
after the block was established at both poles, and yet there 
might be no change indicated by a galvanometer connected up 
with the whole intrapolar area in the usual way. We shall see 
later on that there is evidence to shew that the anodic block is 
not essentially a polar* effect, as the cathodic block is, but that 
it is really a part of the general intrapolar depression. The very 
gradual decline of»the effect is already a hint of this. 

Arrangements. ft was necessary to introduce a large resis- 
tance into the secondary coil, so as to prevent the polarising 
current from being short-circuited through the stimulating 
electrodes. A plumbago resistance of 578,000 ohms (resistance 
B) served this purpose effectually. Stimulation was made by 
closing the primary circuit, the du Bois Key in the secondary 
remaining open. This was to avoid any error due to the slight 
alteration in the total resistance of the nerve circuit which 
would have been caused by throwing in the secondary coil. As 
a rule it was not found necessary to introduce extra resistance 
into the nerve circuit. When it was thought necessary, a 
plumbago resistance of about 08,000 ohms, .which will be 
referred to as A, was introduced. Even when there was no 
extra resistance in the nerve circuit, fairly strong shocks could 
be employed without affecting the galvanometer directly. 
Helmholtz’s modification was used as before. The differential 
galvanometer arrangement was that adopted. It is unnecessary’ 
to give* a figure, as everything was precisely the same as in 
Fig. 1, except that the stimulating electrodes \Vero intrapolar. 
Except where it is otherwise stated, they 4 were as nearly as 
possible in the middle of the ihtrapolar region. % For what I 
wished to determine was the relative influence of the two poles, 
and not the* absolute effect of either. It was, therefore, possible 
to neglect the difference of excitability at the poir^t- ..viimulated, 
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between the unpolarised and the polarised nerve. It was only 
necessary that the excitability should ..remain the same for both 
directions of the polarising current. The problem was to find a 
point within the intrapolav region where the excitability would 
remain the same with the same strength of current, whether 
(hat current was ascending or descending. If one could fix the 
indifferent point for the two directions, then it would suffice to 
stimulate there. * But to fix the indifferent point for each 
direction of every current would be almost a Herculean task, 
and, indeed, for the strong currents winch I wished to use, it 
would be impossible. There is one point, however, of the 
intrapolar area which fulfils our condition, and that is the 
middle point. 

For let the curve of altered excitability be drawn as in Fm. 2 
for any given current. Let E v E>, be the anode and cathode 
respectively, 0, 0' the indifferent points for the two directions 
of the current, and M the point of bisection of E X E V From M 
draw a line perpendicular to EJS» to cut the curve aOcb in c. 
Now rotate the curve round Me as an axis through two right 
angles, Me being kept fixed in the plane of the paper. It is 


Fia. 2. 



clear that the new position of the curve will be a'O'eb'. 0' will 
be a pointv on it because MO' is equal to MO. On P'luger’s 
theory if a Ocfr* represents the curve of altered excitability for 
the ascending current, a'O'eb ' will represent it for the descending 
current, and, Jthe ordinate corresponding to M being unaltered, 
the excitabili ty at M must be the same for both directions. This 
proof is rigorously true if the stretch of nerve E X E % be homo- 
geneous throughout in regard to those canditipns which affect 
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excitability. It would not be rigorously true, if the piece of 
nerve varied in its diameter, and therefore the polarising current 
in its density, nor if* the unpolarised nerve varied in its excita- 
bilit}-. For our experiments the excitability would be approxi- 
mately the same at M for both directions of the current. 

Experiment 8. Experiment 9. 
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Experiment 10. Here two pairs of nerves were used. The 
central end of one nerve was put in contact with the peripheral 
end of the other so as to equalise the cross section. The 
direction of the current is reckoned with reference to the nerve 
whose central end is next electrode E v 
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These experiments show very much the same state of tilings 
as when stimulation is extrapolar and above the anode. The 
effect rises at first to % a maximum, and then gradually declines 
to zero. In Experiment 8, 5 D f gives very rvearlythS limiting 
c 
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current density. The maximum lies about 1 D, certainly much 
below 2 D. There is no hint of an indefinite persistence of the 
effect beyond the current density which limits it for extrapolar 
stimulation. 

When we come to the comparison of the extra- and intrapolar 
effect with intrapolar stimulation, we shall find additional 
evidence to shew that the anode becomes impassable about the 
time when the intrapolar area in general has lost its conduc- 
tivity and excitability. On the other hand it is seen that, long 
after the. cathodic block has developed itself, intrapolar 
stimulation is effective, producing indeed something like its 
maximum effect with the current density which corresponds to 
the beginning of the block. 

II. Galvanomktric observations during the flow of the 

POLARISING CURRENT WHEN AN EXTRAPOLAR AREA IS LED 
OFF TO THE GALVANOMETER. 

1. Stimulating electrodes extrapolar . 

Let Ei Z? 3 (Fig. 3) be a piece of nerve interposed in the 
galvanometer circuit, and E H E± in the battery circuit. Then, 
as lias long been known, on closing the battery circuit, one 
obtains a current in the galvanometer circuit, the direction of 
which in the nerve is the same as that of the polarising current, 
if, now, stimulation be made, say at I, this current undergoes a 
negative variation. 

Since Bernstein first discovered the electrotonic variation, the 
subject lias been more than once investigated, by Hermann, 
among others. Hermann explained the diminution which takes 
place alike in the anodic and cathodic currents when the nerve is 
stimulated, by an application of his law of polarisation incre- 
ment. 1 He assumed that the excitation in passing along a 
polarised nerve undergoes changes in its intensity, increasing 
as it passes* through regions under the influence of the anode, 
decreasing as it passes through parts dominated by the cathode* 

Now, if the current be ascending in the nerve -(Fig. 3), the 

t 

x 1 Pfluger’s Archive Bd. VI., aft d X. s 
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electrotonic current in E x E 2 is also ascending. As E 2 is nearer 
the cathode than E h the elcitation will pass E* in less intensity 
than Ei. Accordingly, during tetanus, E z may be considered as 
less negative than h\. In other words, E z will be positive to 
E h and a current of action will pass through .the galvanometer % 
from Tftj to E x } This will have tjie opposite direction to the 
electrotonic current, and will therefore look like a diminution 
or negative variation of that current. Similarly if E 3 be the 
anode, and the current be descending, the excitation will pass 
over E l in greater intensity than over E x , and again -there will 
be a negative variation of the clectrotonie current. Hermann, 
as already stated, seemed at one t 4 ime to suppose that this was 
a complete explanation of the phenomena. But he was after- 
wards led by rheotome researches to modify his view, and, 
while retaining the law of “ polarisation increment” as an 
essential factor in the explanation, to postulate besides, as 
Bernstein had previously done in a somewhat different form, an 
actual diminution in the polarisation, a negative variation, so 
to say, in the capability of the nerve to take on polarisation 
between core and sheath .' 2 

According to Hermann, the electrotonic currents are brandies 
of the polarising stream which spread beyond the electrodes, 
owing to the transverse resistance caused by polarisation 
between this hypothetical core and sheath. The greater the 
polarisation coefficient is, the more widely do these branches 
spread, the stronger are the electrotonic currents. If stimula- 
tion diminishes this polarisation coefficient it will, in general, 
diminish the electrotonic currents. If the excitation be confined 
to special parts of the nerve, then it will depend upon the ratio 
of the transition resistance between core and sheath to the 
longitudinal resistance of the nerve, and upon the extent 
and position of the unexcited or relatively unexcited parts, 
whether the electrotonic variation (as we iiiay for shortness 

1 Strictly speaking, if E( a j, E;it), represent the intensity of excitation at E, and E 2> 

/Eu)c/f is >y*E(B}<U for corresponding limits. Considering time-integrals, E 3 may, 
therefore, be looked on as positive to E, during the tetanus. The galvanometer 
deflection produced by stimulation will be a measure of tho difference of these 
integrals. , * % 

2 .Pfliiger’s Archiv , Bd. XLI I. p. 24(5, &c. 
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call the variation of the electrotonic currents produced by 
stimulation) will be negative or positive. All this he deduces 
from his theory, and supports by experiments with the “Kern- 
leiter Modell.” He looked in vain, however, for a positive 
• phase in his rheotome work on nerve, the experimental 
difficulties being very great 

It was not from Hermann’s theoretical standpoint that I 
entered upon the work of this section. But from experiments 
on the effect of stimulation on the intrapolar current during 
the flow, and on both extra- and intrapolar currents after the 
opening of the polarising stream, I suspected that, if one of the 
galvanometer electrodes were placed very/ near the polarising 
circuit, and the strength of the current increased sufficiently, a 
positive electrotonic variation ought to appear on the side of 
the anode, but not on that of the cathode. For the explanation 
of those experiments it was assumed, and the assumption was 
supported by direct experiments on muscular contraction, to be 
mentioned further on, that during the flow of the polarising 
current the conductivity of the nerve for the excitatory change 
is less around the cathode than around the anode, and that, with 
increasing strength of current, complete block occurs sooner at 
the former than at the latter, although eventually it prevails 
at both. 

Going back now to Fig. 3, let us inquire what the effect would 
be on the sid $ of the anode, i.e, with descending current, at a 
time when complete block was established there, and at the 
same time let us suppose that the galvanometer circuit is 
brought quite close to the anode, so that the lower galvanometer 
electrode is within the non-conducting region. If stimulation 
be now made at I, the excitation will pass E x with a certain 
intensity? but will altogether fail before reaching E* E* will, 
therefore, be strongly positive to E x . We leave out of account 
for the moment any possible effect of the excitation on the 
electrotonic? currents as such. There will be a current of action 
developed in the descending direction through the nerve — that is, 
in the sarpe direction as the anodic electrotonic current. If this 
true actftm*:urrent be not masked by an "overwhelming negative 
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electrotonic variation, it will appear as a positive variation of 
the electro tonic current. * 

Now let us take *the case of the ascending current in Fig. 3. 
Here the lower galvanometer electrode is in the cathodic region, 
and we know that even with comparatively weak currents the* 
cathodic block appears. Ei will therefore, above a low limit of 
current density, be positive t(t Ei when the nerve is excited, 
and the true action stream will be descending. The cathodic 
electrotonic current, however, is ascending, and the action stream 
will appear as a negatiye variation of it. • 

The results of my experiments on the intrapolar effect made 
me anxious to use ^stronger currents than Hermann had used, 
and to investigate the direction of the extrapolar effect especially 
on the side of the anode. For it was to be expected that, as soon 
as the anodic block was established, a resultant action current 3 
must be caused between any extrapolar point and the anode 
itself, or a point near the anode. This current must have the 
opposite direction to the negative electrotonic variation, and, if 


Etc. 3. 



IS i aro the galvanometer electrodes ; lS :i E+ polarising electrodes. 

O is the Galvanometer. C the Compensator. li the battery. 

K a double key by which battery and galvanometer circuits were closed simul. 
taneously. m 

it were large enough to overcome the latter, 'it ought to appear 
as a positive variation. On the fcide of the cathode, however, 
it would have the same direction as the electrotonic variation, 

3 By resultant action current is meant tbe^algebraic sum of all the action currents 
set up in a given interval. •The galvanometer would practically carry out the inte- 
gration. • «*' 
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and would only tend to strengthen this. I kept also the possi- 
bility in view that the true electrotonic variation itself, whatever 
its cause, might not necessarily have the same direction with 
strong currents which rendered the intrapolar region non- 
conducting, as with weak. 

Since it was to he expected that the extrapolar parts of the 
nerve in the immediate neighbourhood of the anode would 
have their conductivity most reduced, the indication was to 
approach the lower leading-olf electrode as near as possible to 
the uppei*' of the polarising pair. The electrotonic currents, 
which were very large, were carefully compensated in order 
to eliminate the ordinary positive variation; or “change of resis- 
tance ” effect, which could not otherwise be taken account of. 
To make sure that this compensation did not essentially alter 
the conditions determining the spread of the electrotonic 
currents, a separate set of observations was taken where there 
was no compensation. Fig. 3 shews the arrangement at first 
used, details being omitted. 
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Experiment 11. Experiment 12. 
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Experiment 14 a. 
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Experiments 15 and 16 are examples of the experiments 
where the electrotonic currents were not compensated. 


.Experiment 14 b. 
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Experiment 14 c. 
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To get rid of the unsteadiness of the deflection, which is 
especially troublesome in* the case of the anodic current, I had 
recourse again to a method of what might be called automatic 
compensation, where the electrotonic currents of two nerves 
were made to oppose each other, the balance being completed 
by means of a compensator. Figs, 4 and o are simple schemes 
of two ways in which this was done. In the arrangement of 
Fig, 4 the nerves rested each on four electrodes. The distances 
E 3 and j&V El were made as nearly as possible equal, and the 
current from the sam.e battery was divided between the two 
nerves. In the arrangement of Fig. 5 the nerves lay on the 

Fig.' 4. 



same pair of battery electrodes E s E A . E^ was a movable bridge 
of clay, which the nerves touched just where they began to 
diverge. In both pauses the distances Ex E 2} El EU were made 
equal. It is clear, therefore, that in the galvanometer circuit 
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the two electrotonic currents would nearly counterbalance each 
other. Any irregularities due to the* battery would thus be 
eliminated. As it was not possible to hit the balance exactly, 
a compensator 0 was introduced to complete it. In one set of 
experiments two pairs of nerves in reverse order were used, 
instead of two single nerves, in order to get a uniform cross 
section. When now one of the nerves or nerve pairs was 
stimulated, the stimulation effect would appear pure, but weak- 
ened by having to pass through the resistance of the included 
piece of unstimulated nerve. The deflection would have to be 
multiplied by two in order to make it comparable with the ease 
where the galvanometer was connected only with the stimu- 
lated nerve itself. Here the resistance of the galvanometer is 
neglected. 

I quote a few of the results got by this method, which has 
proved very satisfactory. Experiment 17 is an example with 
the arrangement of Fig. 4. Experiments 18 to 22 were done 
with the arrangement of Fig. 5. 


Experiment 17. 


Polarising 

current. 

Stimulation j 
effect. i 

1 D f 

- 20 

3 I) 

-32 « 

•1 D f 

- 20 { 

* 

- 19 ! 1' after opening. 

r» n f 

- 24 ; 


- 3»S 30" after opening. 


-38 V 


_ 07 O' 

r> D | 

+ 31 

• 

+ 17 30" after opening. 


+ »■ ■ n r 


Distance / 9 mm. 

h K* 12 „ I 

Eo JH 3 0 „ 
E, E< 12 „ 
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Experiment 18. 


Polarising 

current. 


Stimulation 
el feet. 

i 

i 

1 D 


- 184 
+ 10 

! 20" after opening. 

3 D 

i 

- 38 
+ 40 

j 

j 20" after opening. 

5 1) 


-I- 58 
+ 50 
+ 17 

j 20" after opening. 

! 2' 

8 D 

1 

-f 08 

+ 77 
+ y«i 

! 4- 20 

1 

j 20" after opening. 

! 9' 

! * * 

1 D 

* 

-138 
+ 27 

1 

i 20" after opening. 

1 D Rh 100 

i | 

| - 53 

+ 12 

j 15" after opening. 

5 D 

1 

+ 30 
+ 35 

| 20" after opening. 

8 D 


+ >03 
+ 41 

■ 40" after opening. 

1 D 

1 

- 79 

! , 

2 D 

! 

- 70 



Distance / E\ 10 mm. 
A'i A’, 10 „ 
BtK* 3 
. Af.Ar.13 „ 
Stimulus 14. 
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Experiment 19. 


Polarising 

current. 

Stimulation 

effect. 

L 


I D Rh r»o f 

- 9 


1 1) Rh ‘200 f 

1 T\ A 

- 5 

i i 


1 1 > | 

2 D f 

"/ 4 
-27 , 



- 5 

i 20" after opening. 

3 I) t 

- 30 



- 21 

j 20" after opening. 

r> D f 

-21 

j , 

{closed 4') 

-21 

j 20" after opening. 

5 D | 

+ 80 

i 

(closed 4') 

+ 24< 

20" after opening. 


+ 28 

1 n 

‘ 

+ 2 

• r >' 

5 D l 

-!• 65 


(closed 3') 

+ 22 

20" after opening. 

1 I) l 

- 42 


1 I) Rh 200 j 

- 39 


Distance / 7i\ 

8 mm. 



9 „ 


7^2 7i\ 

1 , 


7^3 7i 4 

13 „ 



►Stimulus 14. 


Experiment 20. 


Polarising 

curreni?. 

Stimulation 

cited. 


l () 4 ' 

-33 

) 1\ % and in con- 

3 D 4 

+ 33 

i’ tact. 

1 D 4 

- 53 

1 distance 7f 2 E s 

3D 4 

+ 5 

. ~ i 

j" 3 mm. 

5 D 4 

+ 32 

1 D 4 

-35 

f 

■ 3 D 4 

5 D '4 

- 24 


-19 i 

distance 7? 2 lh 

10 D 4 , 

c 

- l ! ! 

(20" after j j 
opening +15) J 

1 41 mm. 


Distance I K } 8 m| Thrmlgh wholo experi . 

1 r v io ” 4 | nient. Stimulus 14. 
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Experiment 21. 


Polarising 

current. 


! Stimulation 

| effect. 

* 

1 D 

t 

-16 

1 distance 74 E 5 

2 D 

t 

- 23 

j 7:1 mm. 

1 D 

t 

-13 


) 

3 D 

t 

- 18 . 


> E 2 E 8 3 mm. 

5 D 

t 

-23 


1 D Rh 100 

t 

- 7 



2 D 

t 

- 7 



5 D 

t 

- 8 


* 



(^0" after opcn- 



8 D 

. 

t 

ing-7) 

- 3 * 


- E 2 and 74 in contact. 

1 I) 

1 

-48 



3 D 

i 

- 03 



8 D 

1 

4 58 



5 D 

1 

4 26 

7 

* 


Distance same as in Experiment 20. 
Stimulus 14. 


Experiment 22. 


Polarising 

current. 


■ Stimulation 

j efiect. 

2 I) 

t 

j -40 

1 D Rh 100 

t 

“ 8 

3 D 

t 

i -28 

5 D 

t 

| -23 

-26 

1 D 

t 

- 9 

2 D 

t 

-14 

5 D 

t 

- 3 

-13 (20" 
after opening) 


74 ami 74 very close 
hut not touching. 


20" after opening. 


1 D 

2 D 
5 D 


1 D 






- 120 
+ 25 
4 122 
4**12 , 

(2 0 A/ after open> 

i n g) 

- 47 


Distance I E{ 7 mm. 
E\ E* 7 ,, 
E*E< 11 „ 


y 74 and 74 in contact. 


31 


Stimulus 14. 
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It will be seen from these results that with currents of only 
moderate strength the electrotonic variation is negative both on 
the side of the anode and on that of the cathode , however close 
E» and E* may be , and even when they are united. As the 
current is strengthened , the negative variation of the anodic 
side gives place to a positive variation, and, this is reached with 
greater difficulty the greater the distance between E* and E y 
On the cathodic side , however, the variation remains negative 
with the strongest currents 1 have used. I have, indeed, in a 
few instances observed a small positive yariation of the cathodic 
current, with perfectly fresh nerves and a weak polarising 
stream. In Experiment 14a with 1 D Rh 100 f, a deflec- 
tion of +6 was got at first. But when the current was left 
closed for a longer time, this changed into a negative effect, 
which still increased with the time. In this connection one 
thinks of the fact that a weak current may establish the block 
at the cathode when it flows for some time, although it would 
not be able to do so with a shorter time of closure. The point 
will be referred to again. 

►Some observations were taken (Experiments 14, 14a, 14b, 
14e, 15, 17, and 18) to compare the amount of the stimulation 
effect during the flow of the current with the amount a very 
short time after opening it. The sign of the after-effect is seen 
to be positive on the side of the anode, negative on the side of 
the cathode. This is true whether the sign of the effect during 
the flow on the anodic side be positive or negative. 

In general it will be seen that, even 20" after opening the 
polarising current, the after-effect on the cathodic side is greater 
than the effect during the flow, while on the side of the anode 
this relation is reversed. Even where this does not hold for the 
cathodic side, and this is almost exclusively tlie ease for the 
weaker currents, the after-effect in general bears a larger pro- 
portion to that dufing the f!o\y tliarl it does on the anodic side. 
The meaning of this I shall try to interpret later on. 
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2. Stimulating electrodes in intrapolar region . 

Here it was necessary, as before, to have the large resistance 
B in the circuit of the secondary coil. The stimulating 
electrodes, which were, of course, non-polarisafcle, were generally 
placed in the middle of the intrapolar area. Otherwise the 
arrangements were precisely like those for extrapolar stimula- 
tion. Experiments 23 and 24 are examples of these done 
according to the scheme of Fig. 3, with the stimulating 
electrodes intrapolar. * 


Experiment 23. Experiment t 24. 



Polarising 

current. 

Stimulation 
i effect. 


Polarising 
. current. 

Stimulation 

effect. 

1 D 


j -53 

Stimulus 25 

1 D f 

0 

I D 

t 

i — 8 

j) 

1 D Rh 100 f 

-14 

1 D Rh lf» l 

; - 4 


1 D Rh 400 t 

-11 

1 D Rh 100 f 

0 


1 D whole Rh t 

0 

1 D Rh 400 t 

0 

17 

2 J) f 

0 


1 

— 32 

71 

3 D f 

0 

1 D 

4 

0 

11 

3D l 

-22 

2 D 

t 

> - 6 

11 

5 D f 

0 

2 I) 


| -15 

11 

1 D l 

-89 

4 D 

l 

0 

11 

Distance E x E 2 

9 mm. 

4 1 ) 

l 

-14 

Stimulus 


8 „ 




strongest 

Ea E\ 

20 „ 

4 1) 

f ! 

- 11 

ii 

Stimulating electrodes 

6 D 

f ! 

i 0 

ii 

2 mm. apart and in middle 

1 D 

1 i 

- G3 

Stimulus 25 

of intrapolar region. 

1 1) 

t i 

0 


Stimulus 25. 



Distance E x E 2 12 ram. 




4 „ 




' JS, 25 „ 



Stimulating electrodes 2 mm. apart and 

* 



iii middle of intrapolar region. j 

) 



D 
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Experiments 25 — 27 were done by the method of Fig, 4, with 
stimulating electrodes intrapolar. * 



Experiment 

¥ 

2.5. 

Experiment 

26. 

Polarising 

current. 

Stimulation 

effect 

! # 

** 

Polarising 

current. 

! Stimulation 
effect. 


1 D l 

- 20 

Stimulus 85 

1 D | 

-37 


2D| 

-83 

Stimulus 10 

2 D | 

-46 i 


3 D | 

-21 

s> 

3DJ 

-69 


4 D | 

-18 

11 

4.IH 

-12 


5 D | 

0 

>J 

5D| 

+ 5 

at first 

6 D | 

0 

11 


- 9 

later 

3D| 

-49 

11 

6DJ 

- 7 


4 I) | 

-24 

11 

8 D J 

0 


5 D | 

+ 4 

» 

3D | 

-13 



(after 2' flow ; 


1 D J, 

-72 



0 at first) 


2 D ; 

-24 


8 D | 

-15 

11 

4 D | 

+ 3 


5 D I 

i + 3 

11 

1 D | 

-79 


Distance E t 1 \ 8 mm. 

6D| 

0 



E t E, ‘3 , 

, 

Distance E x E % 1 

2 mm. 


E± 24 

Stimulating electrodes in middle of 
intrapolar region. 


« 8 2i„ 

E* 22 „ 

Stimulating electrodes in 
middle of intrapolar region. 


Stimulus 25. 


The chief -points of difference betvxen these results and those 
with eatirapolar stimulation are (1) the almost complete absence 
of any stimulation effect on the side of the cathode except with 
the weakest currents , and (2) the absence of the positive effect 
on the anodic side. The first difference is without doubt due 
to tbe cathodic block. When the excitation is unable to pass 
the cathode the negative variation of the cathodic electro tonic 
current is absent, or present only in very small amount. Plainly, 
therefore, tjie important condition lor this variation is stimula- 
tion of the extrapolar area itself It is not enough that the 
intrapolar region, and even the extrapolar anodic region should 
be excltefJ. This is of considerable interest in connection with 
the explanation * of the electrotonic variation put forward by 
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Hermann, and already alluded to. It is not easy to see how a 
change in the polarisation* constant in the intrapolar area should 
be unaccompanied by an effect on .the cathodic electrotonie 
current, merely because of the block at the cathode. In the 
case of the intrapolar stimulation effect we know that nothing 
which happens in the extrapolar area has any influence, unless 
the excitation is able to pass the cathode. These things, on the 
face of them at least, seem to suggest that electro tonic varia- 
tions, like other stimulation effects, only appear in parts of a 
nerve which are actually excited. There does not seem any 
reason why this should be so, if the variations are due to 
alteration in the polarisation between sheath and core. But it 
is not so easy to apply the theory to this case as it is bo another, 
which we shall come to and of which it seems to give a ready 
explanation. Besides it would be absurd to lay much stress on 
a few experiments which only incidentally raise the question. 
As to the second point of difference, the absence of the positive 
effect on the anodic side, we see that instead of changing sign 
with increasing current the effect declines from its maximum to 
zero. This is true even when one electrode is made common to 
the galvanometer and battery circuits, as in Experiment 27. 
The positive variation is got by exciting the anodic region when 
the anode is impassable. It appears, therefore, for extrapolar 
but not for intrapolar stimulation. This we shall see more 
clearly from the next section. 
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Experiment 27. 


Polarising current. 

Stimulation 

eifect. 

1 D Rh 100 f 

- 5 

1 D Rh 

50 f 

- i 

1 D Rh 100 \ 

- 8 

1 D Rh 300 f 

+ 3 

1 D Rh 300 1 

-34 

1 D 

t 

0 

1 D 

i 

-75 

2 D 

t 

0 

2 D 

i 

-55 

2 D 

t 

0 

3 D ' 

i 

-16 

3 D 

t 

0 

5 D 

i 

0 

1 D 


-39 

1 D 

t 

0 

1 D Rh 

50 t 

i 

1 D Rh 

16 \ 

- 14 

1 D Rh 

16 f ! 

r - 2 


Distance E x E % 10 mm. 

E 2 Eft 0 ,, 

EftE, 23 „ 

Stimulating electrodes in middle 
of intrapolar region. 
Stimulus 25. 


III. Observations during the flow of the polarising 

CURRENT WHEN THE WHOLE INTRAPOLAR AREA IS LED OFF 
TO THE GALVANOMETER ALTERNATELY WITH AN EXTRA- 
POLAR AREA. 

It was now desirable to compare the amount of the intra- 
and extrapolar stimulation effects ; and in order to avoid the 
uncertainty which must always exist when one tries to get 
quantitative comparisons from experiments made on different 
days with different nerves, I determined to control the other 
observations by means of a set in which the intrapolar and 
extrapolar regions of the same nerve or nerve pair were led off 
alternately ^p the galvanometer, it was particularly important 
to notice how the ratio between the amount of the two effects 
varied with varying density of polarising current when the 
latter was “nearly strong enough to suppress the intrapolar effect 
altogether. * 


ON POLARISED NERVES. 


1. Stimulating electrodes extrapolar. 

Fig. G shews the •arrangement generally used. By means of 
the commutator (7, the second cofl of the galvanometer G 


Fig. ts. 



t! E2E3 


G is a commutator by which one coil of the galvanometer <7 could be introduced 
into tho extrapolar area E x E 2 or into the iutrapolar area JE7 S A'*. (V the other 
galvanometer coil is in circuit with the intrapolar region AY E* when the iutrapolar 
effect is being measured, but the coil is short circuited by adu Bois key K when the 
extrapolar effect is taken, 

could be put into circuit with the extrapolar or intrapolar area 
of the stimulated nerve at will. The other coil was only used 
for the intrapolar effect, the balancing arrangement being 
employed in order to diminish the irregularity in the deflection, 
which is much more troublesome than cvien in extrapolar 
experiments. Of course, only one nerve was stimulated. 

In Experiment 29 the differential galvanometer method was 
used for the intrapolar observations, and one coil of the galvano- 
meter for the extrapolar. The numbers would need to be 
multiplied by 2‘in order to compare with Experiment *28 where 
the whole galvanometer was used. In Experiment 28 it will 
be seen that with 5 D J, the intrapolar effect is suppressed, 
while the extrapolar effect is not much less than with 4 D j. 
In Experiment 29 4 I) j is sufficient to give the limit. Put 
briefly, the maximum t of the positive extrapolar effect^ on the 
anodic side, with extrapolar stimulation is. reached with a 
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current which docs not differ much from that which gives the 
minimum (zero) for the intrapolar effect. 

On the side of the cathode the negative extrapolar effect may 
apparently increase somewhat after the intrapolar effect has 
disappeared ; but the results were a little irregular. 


Experiment 28. * Experiment 29. 



Polarising 

Stimulation 


j Polarising 

Stimulation 


current. 

effect. 


| current. 

effect. 

Extrapolar 

5 D i 

+ 180 

Intrapolar 

Extrapolar 

4 1) j 

0 

Intrapolar 

5 D | 

0 

4 1) | 

+ 38 

Fresh nerve 



4 I) i 

+ 57 

Extrapolar 

4 B i 

+ 214, 

Intrapolar 

4DJ, 

+ 5 

Intrapolar 

4 T) l 

+ 50 

Extrapolar 

4 D 

+ 39 

Extrapolar 

Intrapolar 

Extrapolar 

4 D J. 
4D| 1 

4 D l | 

+ 81 
+ 55 
+ 170 

Here only one coil of galvano- 
meter in circuit of stimulated 


nerve. 



Distances 

I h\ 9 nun. 

Distances and stimulus same as 


hi hi * 2 8 , 

>* 

in Experiment 28. 



E % E, 1 , 






F)\ F\ *0 ; 

o 




Stimulus 

85. 






2. Stimulating electrodes intrapolar. 

Except in the position of the stimulating electrodes, the 
arrangement was the same as in Fig. (i. 

Experiment 30. Experiment 31. 


Polarising 

current. 

Intra- 

polar 

effect. 

Extra- 

polar 

effect. 

Polarising 

current. 

Intra- 

polar 

effect. 

j Extra- 
j polar 

J effect. 

1 

D 

whole Rli 

i 

+ 137 

— 37 


un polarised 



i + 

19 

2 

D 



i 

+ 55 

-21 

1 

D Rli 

100 

t 

+ 117 

i + 

5 

3 

D 


% 

i 

+ 12 

- 5 

1 

1) Rh 

200 

t* 

+ 153 

+ 

6 

1 

D 





-34 

1 

1> 

500 

t 

+ 215 

+ 

7 

4 

D 



; 

+ 4 

0 

1 

I) Rh 

1000 

t 

+ 213 

+ 

5 

4 

D 



i 

• 0 

* 

1 

X) whole Rli 

t 

+ 291 

+ 

8 

1 

D 

whole Kli 

i 

+ 131 

-44 

l 

D 


t 

+ 247 

+ 

7 

1 

D 

Rh 

1000 

i 

+ 154 

-39 

2 

D 


t 

+ 281 

+ 

5 

1 

D 

Rh 

500 


+ 174 

-46 

3 

D 


t ! 

+ 200 

1 

j 


1 

D 

IU< 

*200 

i 

+ 177 

— 50 

4 

I) 

• 

t ; 

i 

+ 44 



1 

D 

1th 

10C 

i 

+ 167 

-45 




i 



1 

D 

Rli 

16 

i 

*+ 124 

-34 



• 

j 

1 

i 
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Experiment 32. 


Polarising current. 

Intrapolar , 
effect. 

Extrapolar 

effect. 



* 


1 

1 

2 

3 

1 

1 

1 


1 

1 

1 

2 

4 


D whole Ith | 


Distance E 3 6 mm. 

'+74 


D 

1) 

D 


Distance E x E* 17 mm. 
E e E< 25 „ 


— 17 
— 21 

- 7 

- 5 


D 

Rh 

1000 

'l 


-23 

D 

llh 

500 



-24 

D 

Rh 

100 


• 

! -16 




Distance E 2 E a 0 mm. 

D 

whole Rh J, 

’ | 

-31 

D 

Rh 

1000 



-27 

D 





-21 

D 




I 

-10 

D 




i 

- 4 


In Experiments 30, 31 and 32 the stimulating electrodes 
were in the middle of the intrapolar area. Two pairs of nerves 
in reverse order were used in each experiment in order to have 
a uniform cross section ; and in this ease tlwi direction of the 
current is reckoned with reference to the nerve whose central 
end is next E x . 

As is shown very well in Experiment 30, the intrapolar effect 
and the extrapolar anodic effect rise and fall together. The 
maxima’ and minima of the two effects correspond closely 
enough. Evidently the circumstances which favour the intra- 
polar, favour also the extrapolar phenomenon. This is very 
different from the case of extrapolar stimulation. There the 
extrapolar anodic variation was at its height, when the intra- 
polar variation had vanished, and it was positive in sign. Here 
there is no hint of a positive variation. Agai^ we are forced 
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to the conclusion that the decrease of conductivity about the 
anode, or in the whole intrapolar asea, is the cause of the 
positive effect with extrapolar stimulation, the cause of the 
failure of all effect with intrapolar stimulation. 


Experiment 33. 


Polarising current. 

Intrapolar 

effect. 

Extrapolar 

effect. 

1 1) llli 16 | 

+ 7 

unpolarised 2 r 

1 D Rh 100 f 

+ 29 ) 

4 r 

1 D whole 1th 

+ 37 f 
+ 84 

8 r 

i p t 

+ 103 



unpolarised 3 r 

2 D whole Rh f 

+ 114 

7 r 

3 D whole Eh f 

+ in 


4 D whole Eh f 

+ 63 

unpolarised 1 r 

5 r 

6 D whole Eh f 

+ 28 

un polarised 2 r 

3 r 

1 D whole Eh | 

+ 80 

- 26 

2 D whole Eh | 


- 19 

4 J) whole Eh | 

+ 15 

— 14 

6 D whole Eh l 


- 12 

9 D whole Eli ^ 


0 

1 D whole Eh l 

1 

_ 22 


Distance E x E 2 12 min. 

Ei E 9 3 ,, 

Es E, 26 „ 

2 r means two divisions of the scale to the right, 
f in the nerve deflects to right. 


When the cathodic region is led off, the stimulation effect is 
always insignificant. In Experiment 31 there vvas a positive 
deflection of 19 on stimulating the unpolarised nerve. This 
was never reversed, but only diminished. There are two wa} r s 
in which the ‘diminution may be explained. We know that the 
conductivity is soon diminished round the cathode; and the 
smaller positive deflection might be the ordinary action current 
weakened to correspond with the weakened excitation. But 
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there is another explanation. The negative variation of the 
cathodic electrotonic current might be strong enough only to 
diminish the original action current, but not strong enough to 
annul or reverse it. In experiment 33 a small increase of the 
original action current seems to be got. x For the weaker 
currents this might be explained as due to an increase in excita- 
bility at the point of stimulation. It may, however, be that 
the positive intrapolar effect, acting as an increase of the polar- 
ising current for the moment, does cause a small increase in the 
electrotonic currents, which is masked on the anodic side by 
the large negative variation, but appears on the side of the 
cathode. It would not be difficult to settle this by special 
experiments. For the present, however, I am obliged to leave 
it open. 

Before we come to the experiments after opening the polar- 
ising current, it will be well to discuss briefly the results up to 
this point. And at the outset it should be remembered that a 
deflection obtained by stimulating a nerve may be the expres- 
sion of more than one process, the algebraic sum, it may be, of 
several terms. In the above experiments we had to take 
account first of the ordinary negative variation. Except in 
special cases, the nerve was arranged so that this should be 
small and negligible. If the negative variation is large, it is 
not possible, as a rule, to reckon up the share which it takes in 
the compound deflection. A mere process of addition or sub- 
traction would land us in error. For example, if we had a large 
negative variation in the intrapolar area, this, as well as the 
■ordinary “ change of resistance ” effect, would disappear when 
the excitation had to pass the cathodic block. If, in these 
circumstances, we were to correct our zero leading by the 
amount $f the previously determined negative variation, it is 
plain that one of the most important facts woulu be obscured, 
namely, the cathodic block itself. I know of no way of 
avoiding the difficulty, except by making the negative variation 
small. 

In the next place there may be currents of action peculiar to 
the polarised nerve, which disappear with the polarisation. If 
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at an} r two points of the polarised nerve which are connected 
with the galvanometer the excitation arrives with unequal inten- 
sity, an action current (using the words in the sense already 
explained) will be set up between them. In the intrapolar 
region, for example, when the block at the cathode is estab- 
lished, there will certainly be an action current in the same 
direction as the polarising stream, when the excitation comes 
in over the anode. Nothing seems more sure than that “polari- 
sation increment/' in this sense, must play a part in the 
intrapolar effect. 

In the extrapolar region also, when one of the galvanometer 
electrodes is common to the polarising circuit or very close to 
it, there must be an action stream between the two points led 
off, if aif alteration of the conductivity of the nerve is caused 
by the current, and if this alteration is chiefly confined to the 
intrapolar area and its immediate neighbourhood. I propose to 
call an action current conditioned by a modification of conduc- 
tivity which is not permanent, and therefore not due to injury, 
a secondary action , current. These currents may be small or 
they may be large, but they must arise, and must take part in 
the stimulation deflection. 

Finally, a true electrotonic variation in Bernstein's and 
Hermann's sense may be present, and this both in the extra- 
polar and intrapolar regions. 

There is ample evidence, as Hermann shewed long ago, that the 
conductivity is reduced around the cathode even with compara- 
tively weak currents, and that the condition deepens into utter 
impassability when the current is increased. There is no such 
direct evidence of an increase of conductivity around the anode. 
But there is direct evidence that the conductivity is greater 
around the anode than around the cathode, at feast for mode- 
rately strong streams, and this is all that is required to condition 
a positive secondary action current in the intrapolar area. So 
long as there is a difference in favour of the anode, it matters 
not whether its absolute conductivity is above or below the 
normal. So far then as the direction of the intrapolar effect is 
concerned, it ;uay be entirely a secondary action current. Its 
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quantitative relations are also explained, at least above the 
point where the cathodic ^depression begins to shew itself. For 
its maximum, with* extrapolar stimulation on the anodic side 
and for intrapolar stimulation, is reached with something like 
the current density which gives full cathodic, block. Since the 
conductivity around the anode is continuously diminishing after 
this, the difference between it, am? zero (the cathodic conduc- 
tivity) can never be greater. 

The direction of the negative extrapolar effect on the side of 
the cathode can be explained in the same way. .But, if the 
negative variation on the anodic side is an action current, it is 
necessary to assume that the conductivity of points nearer the 
anode is greater than that of 'points farther away, that is, 
practically Hermann’s law of polarisation increment? This is, 
indeed, a legitimate assumption, but, as I have said, there seems 
to be no direct evidence in its favour. * A change of polarisa- 
tion constant is, therefore, equally in court. But as the current 
is increased, the conductivity diminishes around the anode and 
in the intrapolar region generally. On any hypothesis the time 
will come, when an extrapolar point remote from the anode 
will have a greater conductivity than the anode itself or a point 
close to it. This is the necessary condition for a positive 
secondary action current in the anodic area. This, if we suppose 
the direction of the cleetrotonic variation to be unaffected, will 
come into conflict with the latter, and it is the difference of the 
two which the galvanometer will shew. WJien there is com- 
plete block at the anode the difference of conductivity between 
the two points will be as great as it can be, unless we assume 
that the conductivity may increase at the point which is more 
remote. This is the condition, then, which will determine the* 
maximum of* the positive secondary action current. But if 
u=zx + y, u may be negative if x and y are both negative; or 
if a* is positive and y negative, but y greater than x . Again a 
may be positive if x and y are fiotli positive; or if x is positive 
and y negative, but x greater than y. In our ease u, the 
observed deflection, is negative with the weaker currents, 
positive with the stronger; and we have to consider Hie reason 
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of the change of sign. Whatever the explanation of the 
negative electrotonic variation may bo, I do not think that it is 
mainly a secondary action current. It occu’rs when the led off 
area is far from the polarising circuit, and with weak currents. 
Hermann lias, indeed, supposed that his law of polarisation 
increment was necessary to explain the difference in amount 
between the anodic and catiiodig variations ; but lie does not 
now maintain that this is the essence of the phenomenon. 

We have seen that even when the galvanometer and battery 
circuits touch each other by a common electrode, the variation on 
the side of the anode is still negative with the weaker currents. 
On the side of the cathode the variation is always negative, but 
it seems to be less when the led off area is very near the battery 
circuit than when it is farther away (Experiments 21 and 22). 
This is the opposite of what happens with the positive anodic 
variation. Now the secondary action current is negative on the 
cathodic side, and must necessarily be greater when the two 
circuits are close together. The idea arises that there may be 
a positive variation which opposes this action current, and keeps 
it down, although it is not strong enough to reverse it. 

On the anodic side, as the pole becomes impassable, the 
negative variation changes into a positive variation, which is 
generally much larger than the cathodic effect. The secondary 
action current is here positive, and, if there is a positive electro- 
tonic variation; it would add itself to this. What reason is 
there for supposing that a true positive electrotonic effect is 
developed ? 

On the theory that stimulation produces a change in the 
capacity for polarisation it is not difficult to see how an excita- 
tion which only affects the extrapolar region, and especially 
an excitation which fails to reach the part oT this*' region 
next the polarising circuit, would cause a strengthening 
of the eleetrotonie* twig 1 . Now, under the conditions of our 
experiments, this was nearly always the state of affairs on the 
side of the cathode, and the same is true of the anodic side for 


1 See Hermann, Pfliiger’s Arrltiv. Bd. XLII. loc. cit. 
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currents which gave the positive variation. A positive electro- 
tonic variation is, therefore, what we might expect. 

But there is some more direct evidence. The after-effect is 
positive on the anodic side, negative on the cathodic, that is it 
has the same sign as the stimulation effect during the (low. If 
the after-effect is due to a secondary action current, the changes of 
conductivity which cause such* currents during the flow must 
be supposed to persist for some time after opening. We shall 
see that there is plenty of evidence that, after opening a strong 
current, the conductivity is depressed around both ‘anode and 
cathode, if the time of closure has been more than a fraction of 
a second. 

In the above observations the time of closure varied from 
twenty seconds up to several minutes, and the conditions were, 
therefore, favourable for the persistence of the modifications 
present during the flow. The after-effects may be provisionally 
regarded as representing the secondary action currents. This 
will only be an approximation, because the effects fall away 
continuously with the time after opening; but they do not fall 
away very fast. 

If now the positive anodic variation during the flow is the 
sum of a positive electrotonic variation and a secondary action 
current, the after-effect may be expected to bo smaller than the 
combined effect. If the cathodic negative variation during the 
flow represents a negative secondary action current diminished 
by a positive eleetrotonic variation, the after-effect may he 
expected to be greater than their difference. On the whole this 
is the behaviour which has been observed, as is illustrated by 
Experiments 14a, 14b, 17, and Iff. 1 Experiment 18, indeed, 
shews in one or two cases a positive after-effect a little larger 
than the positive variation during the flow. # This* may be 
because the conductivity was more depressed at the anode after 
than before the opening, as may well happen. But generally 
the after effect is decisively smaller. Again, the cathodic 

1 Tbo results cannot be due to difference of excitability at the point of stimulation 
during and after the flow. Auy effect whiel? this might have would lAthflc bo in the 
opposite direction. • • * 
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after-effect may occasionally be less than that during the flow. 
But this is chiefly with weak currents, and we shall see that it 
is only after the stronger currents that the depression of conduc- 
tivity persists at the cathode. As has been pointed out, the 
after-effect can in any case be regarded only as an indication, 
in exceptional circumstances, of what happens during the flow. 
In order that it may indicate this aright, the conditions must 
be such that the state of affairs during the flow persists for 
some time after opening the current. In my experience a long 
period of flow is the most important of these conditions, but 
the strength of the current is also of importance. It is only for 
the extrapolar regions that the conditions can be realised. 

On the whole, although I do not wish to press the point, 
there is a good deal of evidence in favour of the existence of 
the positive electrotonic variation. If we take the analogy of 
the negative electrotonic variation as a guide, it is not difficult 
to see why the secondary action current in the cathodic area 
should be able to master the electro tonic variation, because the 
latter may be expected to be much smaller than, that on the 
anodic side. 

The conclusion I come to is that the stimulation, effects 
(hiring the flow of the polarising current cannot he explained 
entirely as secondary action currents , but are prohrtdy due to 
the superposition of such currents on electroton is variations. 
How the latter differ from ordinary action currents it is difficult 
to say. The main factor iri their production, at least under the 
conditions of my experiments, is the excitation of the led off 
area itself. When this is cut off from the stimulus by a block 
which does not prevent the spread of electrotonus, for example the 
cathode of the polarising current, the stimulation effect is absent. 
Experiments 31 and 33 are apparently against this view. But 
the deflections there are very slight; and even if we admit that 
a small effect may be caused, without excitation of the actual 
area led off, this does not weaken the evidence which shews 
that such excitation is the chief factor. It is very suggestive 
that none of the stimulation effects, so far as my experience 
goes, exceeds *4n amount the maximum positive polarisation 
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deflection in the intrapolar region, or the main anodic after- 
current in the extrapolar? They are very far from increasing 
indefinitely with increase of the polarising stream. Everything 
indicates that they are functions of a 'physiological rather than 
of a physical property of the nerve. They may, however, be 
functions of a physiological change in a physical property. This 
would explain why they should tend to a limit, but not why 
that limit should be the one indicated by processes which are 
probably purely physiological. 

IV. Observations apIer opening the polarising current 

WHEN THE WHOLE INTRAPOLAlt AREA IS LED OFF TO THE 

GALVANOMETER. 

1. StlriiidcUincf electrodes extrapolar. 

So far as I know the first systematic investigation of this 
subject was a paper published by me in the Journal of Phy- 
siology, Vol. IX., p. 20, & c., of which a preliminary notice was 
read before the Royal Society of Edinburgh in April, 1887. 

It has been pointed out to me, that a year before this Mr. 
Goteh demonstrated to the Physiological Society in Oxford 1 “ the 
polarising effect produced on nerve by the brief passage of an 
electric current through it, and the diminution in this effect 
caused by the active state of the tissue.” This of course proves 
that Mr. Goteh knew of the ^direction of the intrapolar effect a 
year before my paper was published. Hermann, as I subse- 
quently found, had previously observed traces not only of this 
effect, but also of a negative variation in the extrapolar regions, 
during some investigations oil the stimulation effect during the 
flow. 2 

But li£ had ynly done so casually, in the intervals between 
his main experiments; and, although he observes that these 
effects are probably always present after polarisation, he 
does not seem to have gathered <?ny notion of their real magni- 
tude. The explanation of them lie expressly declines to discuss 
until he has settled the true nature of the chief phenomena of 

1 This Journal, VoMVIJ., 1886 ( Prftc. of Physiol. Soc., Mai? 20$. 

2 Pfluger’s Arifhio. Bd. XL1I. p. 246, 1881. 
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his experiments, the stimulation effects during the flow namely. 
So late as 1888 du Bois Reymond says “ Wenn der positive 
Polarisationsstrom wall rend der Dauer des polarisirenden 
Strom es durch Tetanus des N erven verstarkt wild, dies wahr- 
seheinlich aucli in it dem positiven Naclistrome der Fall sein 
wird ” 1 

The special object of this part of the work was to ascertain 
if it made any difference in the amount of the stimulation 
effect, whether the excitation had to pass the anode or the 
cathode. 

It is not necessary to enter into details as to the arrange- 
ments, as this has already been done in my previous papers. 
The polarising current having been opened, the nerve was 
thrown at once into circuit with the galvanometer; the polari- 
sation defections were v ead off; and, as soon as the image had 
become sufficiently steady, stimulation was made and the effect 
noted. Whenever a quantitative comparison was intended, the 
same interval was allowed between opening the polarising 
circuit and stimulation in every observation. In measuring the 
time of flow, I did not use the automatic arrangement, described 
in my first paper, for the shortest periods. It was all done by 
the watch and metronome. Irregularities are, of course, 
unavoidable, but they do not introduce any serious error, when 
spread over a whole series of observations; and what is lost in 
accuracy is moVe than made up for in convenience. In some of 
the experiments it was desirable that there should be no 
interval between the commencement of stimulation and the 
opening of the polarising current. Here two observations of 
the polarisation deflections were made, one while the nerve was 
at rest, the other while it was being tetanised. In the latter 
case the stimulation effect would be added algebraically to the 
polarisation. 

Unless it is otherwise stated, the stimulating electrodes were 
at the central end of the nerve. Experiments 34 to 39 are 
examples. 

We see here that the stimu^tion effect may fail altogether 

1 Sitzungsb. tier Kgl. Preuas. Akademic der Wixsen-schaften , 1883, Bd. I. 
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after the opening of a strong current, if the excitation has to 
pass the anode ; while, if iff has only to pass the cathode, we may 
have a large effect. \Ve interpret this as meaning that the con- 
ductivity around the anode is less than that around the cathode 
soon after the opening of such a current. We tehall see later on 
that this is especially true, when the time of flow is short. 
Even where the effect appears after descending current, it is in 
general less than after ascending. Occasionally after | the sign 
of the effect is positive. 
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Experiment 35. Here the polarisation deflections were taken first 
while the nerve was at rest, and again while it was being tetanised. 
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Experiment 36. 
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Experiment 37. Short time of flow means not more than V' 
nor less than 
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Experiment 38, 
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Experiment 39. Nerve was crushed over lower polarising electrode. 
There is now a strong ascending current in nerve, and on stimulation 
180 divisions of negative variation. 
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Experiment 24 is very instructive ami it will be \ve}l to 
discuss it briefly here leaving the others to be dealt with later 
on. It is plain that after the descending current the positive 
deflection got on stimulation represents the negative variation 
in the ordinary sense ; and we may suppose that the excitation 
is blocked at the anode, and that the block gradually gives way. 
We know from the other experiments in this group that there 
is no negative effect after a strong descending current, so that 
we cannot suppose that the smallness of the positive deflection 
here in tlTe first minute or two after opening the gurrent is due 
to an opposing negative effect. The positive deflection is there- 
fore in this case a measure of the conducthity ^of the nerve 
around the anode. And it never obtains a higher value than 
the original negative variation. But we might suppose that in 
the case of the ascending current *vc ought to get Unoriginal 
negative variation* added to the negative deflectfon caused by 
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stimulating the polarised nerve. The apparent negative stimu- 
lation effect ought then to be very mufch larger than the original 
negative variation. We see, however, that it is only a little 
larger after the first crushing, and actually somewhat smaller 
after the second. The reason is no doubt this. The excitation, 
passing the region of the cathode freely, is blocked in the un- 
injured nerve as it nears the anode after the opening of a strong 
current. It is effectually blocked ; but it cannot be more effec- 
tually blocked than it is by the crushing of the injured nerve. 
In other words in 'the nerve which has Jbeen crushed over the 
anode the nerve impulse and the negativity which is bound up 
with it develop a certain strength upon the cathode, but fall 
away to nothing on the anode. Again in the uninjured strongly 
polarised nerve they d eve lope on the cathode a certain strength 
not differing probably very much from that developed in the 
unpolarised nerve ; and on the anode this also as we have seen 
falls away to nothing. Accordingly the difference of potential 
between cathode and anode will be pretty nearly the same in 
both cases, and therefore the deflection produced by stimulation 
will be nearly the same. 

The results oi a long series of observations may be summed 
up thus : 

1. The stimulation effect is always in the direction of dimi- 
nution of the positive polarisation. 

2. When the polarising current is below a certain limit of 
intensity and its time of closure very short, no effect is pro- 
duced by stimulation. (The ordinary negative variation is 
supposed to be eliminated by symmetrical position of the 
electrodes.) 

3. With increase of strength of the polarising stream or 
increase of time of closure, the effect increases; and beneath a 
certain limit, it is indifferent whether stimulation be made on 
the side of the cathode or on the side of the anode. 

4. Above this limit the effect is Jess with stimulation on the 
side of the anode than with stimulation on the side of the 
cathode. U ltimately the anodic curve reaches a null value. 
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5. The curve representing the effect with stimulation on the 

«ide of the cathode reaches its maximum with an intensity of 
current which lies*near that for which the anodic curve cuts 
the axis. • 

6. If the cathodic curve cuts the axis, its mull value corre- 
sponds to an intensity of current far above that corresponding 
to the null value of the anodic. cur^e. 


2. Stimulating electrodes intrapolar . . 

The circuit of the secondary coil was only closed after the 
opening of the polarising current* 

Here it will be seen that, on the whole, the direction of the 
polarising current is without influence on the amount of the 
stimulation deflection. Small differences there are, but they 
eliminate each other; for sometimes after the ascending current 
the stimulation effect is a few divisions more than after the 
corresponding descending current, sometim.es it is the opposite 
which happens. These small irregularities are no doubt partly 
due to the difficulty of regulating the time of closure, when it 
is short, by the metronome. There is no reason why with 
symmetrically placed electrodes, uniform cross section of the 
nerve, and median stimulation, the stimulation effect should 
depend on the direction of the current, unless* there are dif- 
ferences of excitability and conductivity to begin with in 
different parts of the piece of nerve used. If there are such 
differences, if, for example, the nerve is crushed or seared over 
one of the polarising electrodes, then we should expect, from the 
previously quoted results, to find that when this electrode is 
the anods the stimulation effect should be less than .when the 
other electrode is the anode. For we have seen that, at least 
for short closure time, it is*around the anode that the conduc- 

■* i 

tivity is most lowered after the opening of the polarising 
current, and the conductivity of the crushed part of the nerve 
cannot, of course, be affected. Experiment 42 shews what 
happens here. 
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Experiment 40. 
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Experiment 4L 
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Experiment 42. Nerve crushed over lower polarising electrode. 
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The stimulation effect, it will observed, is rather more than 
twice as great with ^ as with f ; that is to sa} r , it is important 
that the anode should be on an uninjured part, if* a large effect 
is to be got. A short time of flow was' used here, because with 
a long time of flow we know that the conductivity around the 
cathode remains depressed, and therefore the difference could 
hardly be expected to be so great. 

V. Observations after opening the polarising current, 

WHERE AN EXTHAPOI.au REGION IS LED OFF TO THE 
GALVANOMETER. 

1. Stimulating electrodes cxtrapolar. 

The stimulating electrodes wefe as usual at the central end 
of the nerve. In Experiments 43 — -49 there was an electrode 
common to the galvanometer and polarising circuits. The sign 
of the stimulation effect is reckoned as before with reference to 
the direction of the polarising current in the nerve. 

When^tho polarising current is ascending, we get jx cathodic 
after-current in the same direction; when the polarising current 
is descending, the main anodic after-current in the opposite 
direction is the one which affects the galvanometer. (The 
preliminary kick in the direction of the polarising current, 
which Hermann has investigated, was seen ; but it is very 
transitory.) 
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Experiment 43. 
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Experiment 44. 
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Experiment 45. 
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Experiment 46. 
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Experiment 47. 
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After the descending current, except in Experiment 47, the 
stimulation deflection is always in the same direction as the 
polarising current, or in the opposite direction to the main after- 
current. After the ascending stream the effect is, in the first 
place, in general far smaller than after the descending ; secondly, 
it is usually, with short time of How, of negative sign with 
respect to the direction of the polarising current, l.e., in the 
opposite direction to the cathodic after-current. With longer 
time of flow, even with comparatively weak streams, it becomes 
positive and therefore has the same direction as the cathodic 
after-current. With a pretty strong stream, and a closure of 
several seconds,* the positive effect after the ascending current 
may assume such proportions as to be of the satne order as the 
effect after the descending current. Experiment 48 illustrates 
this. V ^ 

Experiment 47 shews that it is not a difference of ascending 
and descending current with which we have to deal. For, when 
the stimulating electrodes are placed at the distal Cifd of the 
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nerve, everything* is reversed. It is now after the ascend in 
current that the large positive effect t is got ; after the descendin 
current the effect is negative. 


tfxi’BRLMEXT 48. 
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Experiment 49 shews that with the long time of flow (2') the 
effect on the cathodic side may equal that on the anodic. The 
great tenacity of the modification on which the effect depends 
is well brought out. As to the extrapolar polarisation currents,, 
although it is usually stated that the cathodic current disappears 
very quickly, I am convinced that this is only true if the time 
of closure be short. With a time of closure of 1' and upwards 
and a fairly strong polarising stream, the cathodic current seems 
to hold its ground even more stiffly than the anodic. 


UQ Ciq 
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Experiment 49. 



The results of the section are as follows : — 

1. On the side of tli£ anode the stimulation effect is* always in 
the same direction as 'the polarising current, c3r in the opposite 
direction to the main after-current. 
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2. On the side of the cathode the effect is 

(а) in general far smaller than on the side of the anode. 

(б) with short time of flow it is in the opposite direction 

to the polarising current, i.e. 9 in the opposite direction 
to the cathodic after-current. 

(c) With longer time of How, even with comparatively 
weak currents, ft, becomes positive in sign, i.e,, it lia3 
the same direction as the polarising stream. 

3. With increased intensity of stream and time of flow the 
positive effect on the side of the cathode may assume such pro- 
portions as to be of the same order as that on the side of the 
anode. 

2. Stimulating electrodes intrapolar. 

Here the large resistance B was in the circuit of the secondary 
coil [in order to prevent polarisation currents from passing. 
This circuit was open during the flow of the pol 
stream. 


Experiment 50. 
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Experiment hi. 
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ExPKJUMKNT § 2 . 
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Here, a,s before the sign of <the effect is positive in the anodic 
area, negative in the cathodic. Experiments 50 and 51 shew 
that, With the weakest currents there used and not too lon<r a 
closure, there may be no effect, at all on tjie side of the cathode. 
As we increase *tlip strength of the current or the time of flow 
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or both, the cathodic effect as well as the anodic increases, but 
the former goes on growing after the latter has begun again to 
decline, and ultimately we may have no effect at all in the 
anodic area immediately after opening the current, while there 
is a large effect on the side of the cathode. 1 At the end of 
Experiment 50, for example, 10 I) ^ closed for 30" gave no effect 
at first, but after an interval a dargb positive deflection. The 
absence of effect with weak currents on the cathodic side, with 
strong currents on the anodic side, may be due to the same 
cause, or to different causes. If no modification of conductivity 
be left around either pole, then on our theory there may be no 
stimulation effect. On the other hand, if complete block be 
established around either pole, thfc effect may equally fail. 1 
believed that the effect was wanting on the side of the cathode 
with the weaker currents because the modification of conduc- 
tivity was slight, and that precisely the reverse was the ease 
on the anodic side with the strong currents. Experiments, of 
which 52 is a type, were therefore made to determine this point. 
The nerve was crushed over the galvanometer electrode which 
was more remote from the polarising circuit. The conductivity 
here would therefore remain nil. The action current of the 
unpolarised nerve was, of course, very large, and its amount 
would depend upon the intensity with which the excitation 
passed the other galvanometer electrode, which was common to 
the two circuits. Changes of conductivity around' this electrode 
would be shewn by changes in the amount of the stimulation 
effect, if the excitability at the stimulated point were constant. 
With stimulation in the middle of the intrapolar area, the 
difference between the action of the two poles would appear. 
It will be seen that the stimulation deflection was always in 
the same direction in the polarised and unpolarised nerve. It 
was always diminished just after opening the polarising current, 
but it was in general far more diminished after the descending 
than after the ascending current; and with 12 D | passed for 
5" it almost disappeared. With 12 D f passed for 15" it was 
also very greatly diminished. This is just the behaviour we 
should expect, if our theory is correct. And he'*e, as with the 
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intrapolar effect, the amount never exceeds that of the full 
action stream. The action current is diminished, never reversed. 
That the cathode after long passage of a strong current leaves 
behind it a depression comparable to that left behind by the 
anode, we have already had abundant proofs. Some more will 
be furnished later on. Experiment 51 shews that the direction 
of the effect does not depend on the stimulation being median, 
although the amount may. 


VI. Observations after opening tiie polarising current 

WHEN THE INTRA- AND EXTRAPOLAR REGIONS ARE LED OFF 
ALTERNATELY TO THE GALVANOMETER, THE STIMULATING 
ELECTRODES BEING EXTRAPOLAR. 

Fig. 7 shews the arrangements in outline. 


Fiu. 


/. 



0 is a Fold's commutator without cross wires by means of which either extra,- or 
intrapolar region could be connected with the galvanometer G. K is a double paraffin 
key which closed the galvanometer circipt immediately after openiug the battery B, 
C' is a compen&^ol? to balance the current of rest. 
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Experiment 52 a. 
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I forbear from quoting more of the experiments, as the paper 
is already unduly lengthened. The general result is that a large 
extrapolar effect is associated with a small intrapolar effect, and 
vice versa. Thus, in Experiment 52, after 5 1) f the extrapolar 
effect is at its height immediately after the current is opened, 
and falls continuously away; the intrapolar effect increases for 
some time after opening the current. This increase would be 
explained by the fact that the cathodic block does not last so 
long as the anodic. The former, after such a long closure time 
as T, would at first cut down the excitation greatly; later on 
the excitation would pass freely into the intrapolar region, but 
not freely over the anodic area. In Experiment 53 the full 
action stream in the intrapokr area is never reversed. Imme- 
diately 'after opening the descending current it is greatly 
reduced, with 10 D almost abolished. * It increases con- 
tinuously with the interval from the opening of the current, and 
regains its former amount. The extrapolar effect, as before, is 
at its maximum immediately after opening. 

What is the cause of the stimulation effects after opening the 
polarising current ? Are they secondary action currents, such 
as we assumed in discussing the variations during the flow, or 
are they due to some change in the capacity of the nerve for 
polarisation, connected with the functional activity of the axis 
cylinder? It is not easy to see how the latter hypothesis could 
explain the results, even if we had any direct evidence in its 
favour. In the first place, the stimulation effect in the intra- 
polar area is in the direction of a diminution of the positive 
polarisation deflection. Assuming the existence of a true 
positive polarisation, we might suppose that the excitation 
caused a partial depolarisation. But it would be necessary to 
suppose further that, after the stimulation had ceased, the 
positive polarisation was re-established, except so far as it 
would have fallen away had t the nerve not been excited. For 
separate experiments have shewn that the positive deflection 
takes as long to disappear when the nerve is stimulated con- 
tinuously or at intervals, as^ when it is left alone. Besides, 
everything seems to shew that this deflection is not due to 
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galvanic polarisation. An increase in the negative polarisation 
would equally explain th<? facts, provided that this increase 
disappeared when the excitation was over. But how are we to 
imagine an increase in the negative polarisation being brought 
about, and how are we to reconcile it with what takes place 



during the flow of the current ? Again, admitting that there is 
an increase in the intrapolar negative polarisation, how shall we 
explain the decrease in the extrapolar after-currents ? 

If we say that the main anodic current is an action current, 
as Hermann has done, how shall we explain its negative 
variation as due to a change in polarisation ? If we say that 
the cathodic after-current is a polarisation current, how shall we 
account for the fact that stimulation diminishes it, but increases 
the polarisation current in the intrapolar region ? We turn to 
the explanation first suggested, and ask, (1) Can the stimulation 
effects be accounted for as secondary action currents ? (2) Is 

there any evidence in favour of the existence of such currents 
alter opening the polarising stream ? 

As regards the ’first question, if we assume that ajfter 'opening 
the conductivity around both anode and cathode is depressed, 
but that the depression is greater around the former, the 
direction of the effect will be accounted for in every case. In 
the intrapolar area there will be a negative stimulation effect ; 
in the extrapolar anodic # area, a positive effect ; in th* cjithodic 
region, a negative .effect. Further, in general,, Aie intrapolar 




68 


G. N, STEWART 


effect will be greater when the excitation has to pass the cathode 
than when it lias to pass the anode. r " The extrapolar effect will 
be greater, for extrapolar stimulation, on the side of the anode 
than on the side of the cathode; but this inequality will become 
less and less marked, the more the current density and time of 
flow are increased, because the conductivity will in both cases 
tend to a maximum which/' we may expect, will be first reached 
at the anode. With median intrapolar stimulation, it is not 
difficult to see that at first the behaviour of the extrapolar effect 
will be the same ; but the time will corpe when the relations of 
the two poles will be reversed, for, when the anode has become 
impassable, the excitation may still be able to pass the cathode. 
So that the first hypothesis fJ will explain also the quantitative 
relations. 

The second question as to the evidence in its favour has been 
partially answered in answering the first. For it is difficult to 
see how the facts can be explained without it. Some more 
direct evidence has been already got from experiments like 52, 
where median intrapolar stimulation was used, and the negati ve 
variation taken as the measure of the intensity with which the 
excitation was able to pass the poles. Further evidence will be 
furnished when we come to the muscle contraction experiments. 
The case stands thus : the phenomena can all be qualitatively 
explained as secondary action currents, due to differences of 
conductivity; their quantitative relations can also be so ex- 
plained ; we have proof that such action currents must arise ; 
and finally the effects are never of a higher order than the full, 
action stream from longitudinal surface to cross section. The 
conclusion does not seem doubtful. 

VII. Observations after opening the polarising current, 

WHEN A PART OF THE*. INTRAPOLAR AREA IS LED OFF TO 

THE GALVANOMETER. 

This section of the work was an attempt to answer the 
question : What is the distribution in the intrapolar region of 
the changes of conductivity left behind, by • the polarising cur- 
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rent? I was very desirous of answering the analogous question 
for the case during the flow; but I have not been able to see 
any satisfactory way of doing this, at least with the galvano- 
meter, because the great resistance which would have to be put 
in the galvanometer circuit, to prevent short* circuiting of the 
current through it, would cut down the stimulation effect too 
much. After the How there is, .of course, no such difficulty. 

In Fig. 9 let Ei be the anode and let the stimulating 



electrodes be at i. If the anodic depression extends in full 
amount to E s > the intrapolar galvanometer electrode, we ought 
to get no deflection on stimulating. If the conductivity at E 3 
is unchanged, increased, or, in general, greater than that at E 1} 
there ought to be a negative effect, if the excitation can pass at 
all. Since we must suppose ‘that in the irnmediittc neighbour- 
hood of the pole, the modifications, whatever they are, which 
affect the conductivity are most strongly marked, avg should in 
any case expect a negative effect; but, if the resistance of the 
nerve be eliminated by the introduction of sufficient resistance 
into the galvanometer circuit, the effect ought to be smaller 
when a part only of the intrapolar area is led off than tvhen the 
whole is led off. If Ei were made the cathode, 1 being still the 
place of stimulation, a negative stimulation effect would mean 
that the conductivity at E a was less than at E\. If this were 
constantly got, Avith every position of E i7 the inference would 
be that any point- nearer the anod # e has a smaller conductivity 
than any point farther from the anode, that, in c*her words, the 
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curve of conductivity slopes continuously down from cathode 
to anode. If stimulation were made/it l h so that the excitation 
could not reach the galvanometer area without first passing 
through a portion of the' intrapolar region, the problem would 
become more complex, because the amount of the stimulation 
effect would be influenced not only by the state of the piece of 
nerve in the galvanometer circuit, but also by that of the rest 
of the intrapolar region. These were the considerations which 
I wished to test by experiment, both for extrapolar and for 
intrapolar stimulation. 

1 . Stimulating electrodes extrapolar . 

The important point to determine was the influence of the 
anode. It was arranged that a greater or less portion of the 
intrapolar region should be connected with the galvanometer, 
including either of the poles, or neither of them. In Experiment 
54 the polarising electrode next the stimulating electrodes, and 
an intrapolar point were connected with the galvanometer. 


Experiment 54. 
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In Experiments 55 and 56 the polarising electrode most remote 
from the point of stimulation was so connected. The stimulating' 
electrodes being at the central end, with descending current the 
anode would be led off in the former* case, the cathode in the 
latter; but there would be this difference, that with the second 
arrangement the excitation would have to pass a portion of the 
intrapolar area, before it reached the galvanometer circuit 


Experiment 55 . 


Experiment 56. 
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In Experiment 54 we see that, when the excitation has to 
pass the anode, after strong currents, there is no stimulation 
effect, or a small one in the usual direction. When it has to 
pass the cathode, the effect is large, and also in the normal 
direction. 

In Experiment 55 the excitation has always to pass through 
some of the intrapolar region, before it reaches the part led off; 
but the anode is a more formidable obstacle than even 5 mm. of 
the nerve next the cathode. Whenever there is an excitation 
effect at alb it is in the negative direction as usual. Experiment 
56 shews how the effect varies in amount with different lengths 


E io. 10. 





of nerve in the galvanometer circuit, when the total *esi stance 
in that circuit is made so great that the variation of resistance 
due to the nerve may be neglected/” On account of the extra 
resistance the numbers would have to he multiplied by about G,in 
order to be comparable with those of the other experiments. 
When the anode is next tire stimulating electrodes, the effect falls 
out asbetore. ANhen the excitation has to pass the cathode the 
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effect diminishes, when any considerable portion of the intra- 
polar area lies between itjyid the led off part; and it disappears 
ultimately. 


2. Stimulating electrodes intrapblav . 

The arrangement is shewn by Fig. 10. Experiment 57 is an 
example of a, Experiment 58 of K 
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Experiment o9. 
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It was desirable to find whether the failure of the effect with 
extrapolar stimulation, when the anode was next the stimu- 
lating electrodes, was due to a block at the anode. If so, the 
effect would be expected to shew itself with intrapolar stimula- 
tion. Experiment 57 shews that even with the strongest 
currents used, the stimulation effect does not disappear after 
descending current. It rather increases with the strength. In 
general when the anode is in the led ofF area, the effect is 
greatest. 

In Experiment 58, as might be expected, there is practically 
no difference between the two directions, at any rate before the 
nerves wore crushed. The difference after crushing^ probably 
due to the crushing not having been uniform over the two 
electrodes. In Experiment 5f), whthi the anode corresponds to 
the dead piece^bf nerve, the stimulation effect is absent I have 
never, however, under these circumstances, been able entirely 
to get rid of a positive polarisation deflection, when the current 
was strofig and, closed only lor a short time. 
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Before discussing further the results of this section, it will be 
well to complete the account of the differential investigation of 
the intrapolar region, by giving some examples of experiments 
where different parts of the region Vfrere compared with each 
other. * 


VIII. Observations after opening the polarising current, 

WHEN THE WHOLE INTRAPOLAR REGION AND PART OF IT OR 
TWO DIFFERENT PARTS OF IT ARE LEI) OFF SUCCESSIVELY 

9 

TO THE GALVANOMETER, THE STIMULATING ELECTRODES 
BEING EXTKAI’OLAK. 

r 

Big. 11 is a scheme of the arrangement. Of cofirse one 

Via, u. 



galvanometer only was required, the different regions being 
thrown on r(i to it successively. The cathode was always uext 
the point of stimulation, so as to avoid the anodic block. The 
electrode E s was exactly in,the middle of the intrapolar area. 

In Experiments GO and G1 two nerves in re^rse order were 
used; in Experiment G2 a single nerve, but only the part below 
the thigh branches. 
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Experiment 60. 
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, Experiment 61. 
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From toe results of Section YJT1. it will be seen That except 
with the strongest currents the effect is greater when the 
galvanometer is connected with the anode than when it is con- 
nected with the cathode. In the latter case, with weak currents 
it is often absent. When this happens, we must suppose that 
the modification of conductivity is entirely confined to the 
anodic half. Experiment 50 makes it probable that in these 
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circumstances the block is really limited to the immediate 
neighbourhood of the anode. For even, with 10 D closed for 5" 
an effect was still got when half the nerve was led oft* although 
the excitation was quite unable to paJSs the anode, and it was 
necessary to reduce the led off region to one-fourth of the whole 
intrapolar area to get rid of the effect altogether. In this part 
of the polarised area we might; conplude that the conductivity 
was abolished. The preponderance of the anodic half shews 
itself in spite of the fact that the excitation has to traverse the 
whole cathodic area first. The greater the stimulation effect 
in the latter, the deeper must the depression of conductivity, on 
our theory, have stretched into the cathodic region — the more 
difficult must it, therefore, be for the excitation to reach the 
anodic half at all. Nevertheless, the anode nearly always bears 
of! the victory, another sign that it is near the anode itself that 
the modification is most marked. The time comes, however, as 
current density and time of flow are increased, when the excita- 
tion can no longer break through into the anodic region, or can 
do so only in small intensity; and then the relations of anode 
and cathode are reversed. The positive polarisation deflection 
is also greatest in the anodic region as Hermann has observed, 
and is often only seen there. It is not only greater in the 
anodic area than in the cathodic, but also greater than when 
the whole intrapolar region is led off. Tt is difficult to resist the 
conclusion that there is some* connection between this distribu- 
tion of the positive polarisation and that of the stimulation 
effect. If we explain the former as due to an excitatory process 
localised around the anode — most marked here, it may be, and 
fading away in the intrapolar region — it seems natural to 
suppose that whatever checks the spread of this excitation, be 
it an independent effect of the current, perhaps electrolytic, or 
be it a secondary action of the excitation itself, will also oppose 
the propagation of an impulse sot up at any part of the nerve. 
The barrier which keeps the anodic excitation from breaking 
out will keep the external excitation from breaking in. But 
the hypothesis of lowpred conductivity around the ^node, which 
we have used aU along, is just a different wa$ r of stating the 
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same thing. Whatever the nature of the inhibition may be, it 
seems certain that its cause docs not lie in the cathodic region. 
This would, indeed, explain the existence, although not the 
distribution of the posit:* ve polarisation deflection, but it is 
contradicted by the resul ts of stimulation ; and I think we may 
safely conclude that the excitation which gives rise to that 
deflection is confined to the anodic region by something in that 
region itself. 

In Experiments dO and bl it should be remembered that the 
difference of resistance in the different observations must be 
allowed for. On our hypothesis, when this is done, the sum of 
the stimulation effects in the two halves should be about equal 
to the effect in the whole intrapolar region. The ratio of the 
resistances would be about 3 : 5, the galvanometer being over 
7000 ohms. The sum of the two partial effects must therefore 
be multiplied by 2 , before being compared with the total effect. 
The discrepancy is not very great. Neither, however, is the 
agreement very striking. In observations of this kind, where 
three successive experiments on an object like a nerve have to 
be compared, a striking numerical agreement would be more 
suspicious than convincing. I do not lay any stress on the 
point. If the effect depended on something uniformly distri- 
buted along the nerve, the same behaviour would be expected. 
But seeing that the cause of the effect is obviously not so 
distributed, it nay be of some little interest. 

I conceive, from a consideration of* all the experiments, that 
the curves representing the conductivity after opening the 
polarising current run somewhat as in Fig. 12, ( 2 ) being the 
effect of a moderate current, (3) of a strong, and (4) of a very 
strong current. 

During the flow the same curves will represent th^ probable 
state of affairsj if the position of the anode and cathode be 
interchanged ; but a much smaller current density will give a 
measurable effect during the flow, and therefore corresponding 
stages will not be associated with equal current densities. 
(I) represents what probably happens with the weakest 
currents, namely a rise of conductivity around the cathode, a 



ON POLARISED NERVES. 


79 


diminution around the anode, while the polarising current is 
flowing. (1) is only partly^ based on my own work. Whether 
it would be a correct representation of the after-effects if anode 
and cathode were interchanged as witluthe stronger currents, I 
am unable to say. ♦ 


Fig. 12. 

* k 


<n -r--- 




IX. Experiments on muscular contraction with INTRA- 
POLAR STIMULATION. 

1. Daring the flow of the polarishig current 

In 1873 1 Hcnnann made experiments on muscle contraction 
with electrical stimulation in the intrapolar region, which 
included almost the whole ilerve from the vertebral column to 
the muscle. He used only a single nerve. He found that with 
the descending current, the stimulating electrodes being in the 

upper part of the lower half of the intrapolar area, the contrac- 
< > • 

1 .Piliiger’s Archiv, B*l. VII., p. 323. ^ ^ 
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tion was always less than before polarisation, or might disappear 
altogether; with the ascending current it was always greater. 
He saw in this a proof of the law of polarisation increment. 
The fallacy which might arise from the variation of the cross 
section of the nerve, and the consequent variation of current 
density from point to point, was afterwards remarked by 
Hermann himself . 1 He found that, if the thin lower part of 
the nerve had another piece of nerve laid on it so as nearly- to 
equalise the cross section, the above-mentioned behaviour was 
reversed. When he used only the piece of nerve below the thigh 
branches, lie could find no point in the lower half the stimulation 
of which gave his former results. Without knowing of Hermann’s 
work at the time, I made experiments in connection with the gab 
vanometric observations detailed above, but on different lines. 
All that I wished to determine was the relative effect of the two 
poles on the conductivity. To determine the absolute effect would 
have been very desirable, but to do this it would be necessary 
either to shew that changes of excitability might be neglected, 
or to measure their numerical amount. This I despaired of 
doing, and therefore confined myself to the more definite task. 
Some of the experiments were made with a single nerve, the 
intrapolar area varying in cross section. But these I decided 
to control and supplement by observations with approximately 
uniform cross section, obtaining this in some cases by using 
only the pieces of the sciatic below the thigh branches, but 
more frequently by laying two nerves of the same frog together 
in reverse order, both muscles being left attached. In the 
latter case the cross section would not be perfectly uniform, but 
would be nearly so. When the two preparations were found to 
have a nearly equal excitability, which unfortunately did 
not generally happen, the contractions of the two muscles 
caused by the same stimulus were simultaneously registered. 
This was probably the most accurate method of all, because 
there could be no question of differences of excitability. In 
order to eliminate these when two successive observations bad 
to be taken with the current flowing in different directions, the 
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stimulating electrodes were placed exactly in the middle of the 
intrapolar area. Four narrow transverse grooves were made in 
a small slab of paraffin, two for the stimulating electrodes and 
two for the polarising. The grooves ivere filled with clay, and 
between them the paraffin was hollowed out, so that the whole 
formed a platform on which the nerves lay without touching it 
except at the grooves. The two central grooves were very close 
together, and each was separated by the same interval from the 
corresponding groove of the outer pair. The non-polarisable 
electrodes were connected with the grooves. A gather more 
convenient arrangement, which allowed the distance between 
the polarising electrodes and the position of the stimulating 
pair to be easily varied, was got by fixing a paper scale on a 
paraffin slab, to the edge of which the clay points of the 
electrodes carrying the nerves were adjusted. I introduced 
much more resistance into the secondary circuit than Hermann 
seems to have thought necessary, namely the large resistance B. 

For the weaker currents the strength of stimulus was sought 
which was just less than that necessary # to give a minimal 
contraction, when the cathode was next the muscle. Then a 
sufficient interval was allowed (in quoting the experiments this 
is not noted to save space), and with the current in the opposite 
direction, it was observed whether contraction occurred on 
stimulating. For the stronger currents the stimulus was 
adjusted so as to give contraction when the anode was next the 
muscle, and the current was then reversed after an interval, and 
stimulat ion again made. The reason of the difference will appear 
when the experiments are looked at. It will be seen that up 
to a certain strength of current a stimulus will (jive contrac- 
tion v:h.en the cathode lies next the muscle , which will jive, no 
contraction . -when the anode is in that position . Above this 
strength the reverse holds, and a stimulus which is followed by 
contraction 'when the cxcitdtion has to pass the anode , evokes 
no response when it has to pa,ss the cathode . The change is 
not very gradual, but can hardly be called abrupt. When the 
cathodic block first appears, it can be overcome by # increasing 
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the strength of the stimulus. It does not, however, require a 
great addition to the current densjty to make the cathode 
impassable for any stimulus within my limits, when once the 
block has become pronounced. Moreover, a block which can 
be broken down at first may become total, if the current be left 
a little longer closed. With the very weakest currents 1 have 
found no difference between the poles; but the excitability of 
the stimulated point seems to be increased; fora stimulus 
which caused no contraction in the unpolarised state causes one 
when the current is closed, the direction of the polarising 
current being indifferent. For conveiiience we may call this 
the first stage, the others the second and third respectively. 
Hermann seems only to have met with the third stage when 
he used 'a single nerve, and stimulated in the lower half. I 
found the second very constant with median stimulation even 
with a single nerve, although not so well marked as with the 
double nerve; but the third stage is undoubtedly reached much 
earlier in this case than with uniform cross section, even where 
there is no extra resistance in the nerve circuit, and where, 
therefore, the same E. M. F. gives practically the same average 
density of current when the distance between the polarising 
electrodes is the same. But with a single nerve we must 
remember that the density of the current in the thin part 
below the thigh branches will be several times as great as at 
the plexus. It we could be sum that the excitability was 
the same at the stimulated point for both directions of the 
current, this would introduce no fallacy in comparing the 
efieet of the two poles. But in comparing experiments made 
on the single nerve with those made on the double nerve, 
it must be taken into account. Where I used the single 
nerve, far* less of the thin part was included in the polarising 
circuit than of the plexus. Accordingly, if we call the cross 
section at the upper electrode, a, we may assume that a given 
E. M. F. E would give a current a little less than KaE, where K 
is a constant depending on length and specific resistance of 
nerve. Let & be the cross section at the lower electrode; then 
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the density here Avould be a little less than ^ l E. Now take 

the ease of the double nerve. Here the cross section at the 
electrodes would be a + b, and at no part would it differ much 
from this. An E. M. F. E would give a current K (a + 6) E, and 
the density at either electrode may be called KE. The density 
at the lower electrode in the <jase of the single nerve would 

therefore be nearly ^ times that with the double nerve. I 


suppose it would not be above the mark to put ~ =3 in most 

cases. The third stage might, therefore, be expected to begin 
in the single nerve with about J of the E. M. F. for which it first 
shews itself with the double nerve; any change of excitability 
at the point of stimulation being left ou£ of account. 

I proceed to quote a few of the experiments. Eperiment 66 
is an example of chemical stimulation at the middle point. A 
drop of strong brine was applied and left a l ittle time, and then, 
before tetanus had appeared, a current of* 1 I) f was passed. 
Tetanus appeared at once, and disappeared on opening the 
current. With the descending current there was no tetanus. 
With 2 1) the stimulus was apparently too weak to give con- 
traction with either direction. In Experiment 67 mechanical 
stimulation was used, also at the middle point. 

Experiment 67 b is an instancy with marked inequality of 
cross section. Below 1 1) Rh 900 the descending current seems 
more favourable than the ascending. But with 1 D and above 
it the opposite is the case. Experiment 67 a is an example 
where the two muscles were observed simultaneously. As in 
all cases where two nerves were used, the polarising electrodes 
were at the Same distance from the point of entjanfcc of the 
nerves into their muscles, and therefore the cross section and 
current density at them would *be equal. In some of the 
experiments it was noted whether contraction occurred at make 
or break of the polarising current or at both. The second stage 
as a rule passed into the third w T itfy a current which. was either 
Pfliigers “strong”* current or a strong “mediiyH.” 
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Experiment 63. 
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Distance between polarising electrodes 28 mm. Two nerves in 
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Experiment 61. 
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Two nerves in reverse order. Resistance A in nerve circuit. 
Distanco between polarising electrodes 31 mm. 
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Experiment 05. Two nerves in reverse order. 
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Experiment 67«. Two nerves in 
reverse order. „ 
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Here the excitability of the two prepara- 
tions was nearly the same, and it was 
therefore possible to take observations 
on both muscles at the same time. 
The arrows give the direction of the 
current in the nerve of the muscle 
whose contraction is referred to. 

Distance between pol. electrodes 34 mm. 

Resistance A in polarising circuit. 


Experiment 676. 




Mechanical 

Polarising current. 

stimulation 
(single stimuli). 

1 D Rh 200 ' 

1 

No 

51 \ 

\ 

C 

1 I) Rh 900 \ 

\ 

C 

/ 

5 5 1 

\ 

No 

1 D i 

I- 

No 

1 I) 'j 

l 

C 

2D \ 

[ 

No 

2 J ) j 

\ 

0 

3 D J 


No 

3 D j 

V 

i 

0 

4 l> \ 


No 

4 1) j 


C 

5 D J 

t 

No 

5 L) j 

) 

O 

6 1) \ 


No 

6 1 > j 

1 

(J 

7I> I 

No 

7 1> f 

C 

8 1 ) f 

C 

1 1) Rh 200 ,! 

t ! 

c 

t ! 

55 1 1 

No 


Only a single nerve. Upper 
polarising electrode on 
plexus, lower just below 
thigh branches. 


In interpreting these results it is necessary to be careful. If 
we could be sure that the excitability at the point of stimulation 
was always the same for the two directions, or in other words 
that the excitation at its start had the same intensity, then it 
would, I think, he impossible to doubt that the impulse does 
alter in amount in passing along the polarised nerve. In any 
one experiment it is of course impossible to be sure of this, 
unless, as Hermann lias suggested, changes of excitability in 
Pfliiger’s sense are apparent only and not real. But in a series 
it is highly improbable that the error should be always, or even 
nearly always ir* the same direction. So far, indeed, as the 
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third stage is concerned, the difference between the two direc- 
tions soon becomes so iryirkcd that accidental errors due to 
differences of excitability may, I think, be neglected. The 
stimulating electrodes may be placed far from the middle of the 
intrapolar region, and either above or below it, without altering 
the results in a qualitati ve way at least. On the whole 1 do 
not see how for this stage, without considering the galvanometric 
evidence at all, wo can avoid the conclusion that the conduc- 
tivity around the eathcfdc is less than that around the anode. 

I have already said that, after the cathodic conductivity has 
once begun to decline, the curve falls sharply till the pole is 
impassable for the strongest stimulation. For the anode the 
fall is much more gradual, and a moderate strengthening of the 
stimulus suffices to bring out the contraction which* has just 
disappeared, if we increase the current now a little the con- 
traction will again fall out, to be again restored on strengthen- 
ing the stimulus and so <>n. Finally the time will come, as we 
saw that it came in the galvanometric experiments, when even 
with the ascending current no excitation^ will pass with the 
strongest stimulation. But this condition will gradually blend 
into what preceded it. This seems to me to support the view, 
for which we have already seen other evidence, that only 
around the cathode is there a truly polar block during the 
flow. The gradual failure of effect with ascending current may 
be explained as due to a coiftinuous diminution of excitability 
at the point of stimulation, or to a gradual spread of the depres- 
sion of conductivity from cathode to anode along the intrapolar 
area, or to both. So far I think we are on safe ground. Neither 
is there any difficulty with the first stage. We should hardly 
expect to find well developed differences of conductivity with 
the weakest* cuiYents used. At any rate there must Jbe a limit 
below which the method would not be delicate enough to 
detect them. * 

But it is more difficult to deal with the phenomena of the 
second stage. Here the contraction seems to be favoured by 
the descending current. If the explanation is to run ou the 
same lines as before, this would imply th;it, f^* thesfc currents. 
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the conductivity is greater in the cathodic region than in the 
anodic. And there is a fact which supports this view. It was 
found by Rutherford and by Wundt that the velocity of the 
nerve impulse is increased in the cathelectrotonic and 
diminished in the anelectrotonic area, when the polarising cur- 
rent is weak and not closed for too long a time. It cannot, 
of course, be assumed that the velocity of the impulse, and its 
intensity must necessarily he affected in the same sense. In 
the unpolariscd nerve we do not know that the intensity of 
the impulse affects its velocity at all. But some condi tions which 
diminish the latter diminish the former also, cooling the nerve 
for example. And Engel mann has found 1 that in the ureter 
the velocity and the amplitude of the contraction wave rise and 
fall together, at least within certain limits, the alterations 
produced by a voltaic current being confined to the intrapolar 
area, beyond which also until a comparatively recent period, 
galvanic electrotonic phenomena have not been observed in 
muscle. I am far from saying that this can be extended to the 
nerve impulse without further parley. But it is a hint that in 
nerve also an excitation which passes more quickly through a 
part will pass with less loss, or greater gain. v. Bezold, working 
with stronger currents than Rutherford and Wundt, found that 
the velocity of the nerve impulse is diminished both in the 
anodic and cathodic area. This corresponds with our third 
stage, if for velocity we read intensity. It would be interesting 
to know if the velocity, like the intensity, is more diminished 
around the cathode than around the anode. 

The galvaiiometrie observations in the intrapolar region give 
no indication of the state of matters which we have supposed to 
exist during the second stage. The stimulation effect is always 
positive even .with the weakest currents. A secondary action 
current caused by a relatively increased cathodic conductivity 
would be negative. Still it is unlikely that the whole intrapolar 
effect during the flow is due to an action current under any 
circumstances, and the part of the positive effect which for 
want of a better name we may call th^Iectro tonic part, might 
U finger’s Archiv, 13d. III., p. 247, &«\ 
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be strong enough to mask a weak secondary action current 
The stage where the gaivaijometric effect ' 1H about equal for the 
two directions would then pass directly into that where the 
decline of cathodic conductivity diriunishes the effect for 
stimulation on the side of the cathode. As was stated on 
j). 32, a positive extrapolar variation was sometimes got in the 
cathodic area with weak currents and especially with fresh 
nerves. The conditions under whufh it appeared arc the same 
as those under which thfc velocity of the impulse is increased. If 
we remember that the true electrotonic variation is in the 
opposite direction, it will not appear surprising that this 
positive effect should be always small, and should only occa- 
sionally appear at all. Another point which must be considered 
is this, that, the contraction of a muscle is a far more •delicate 
reagent for the detection of a nerve excitation than a galvano- 
motor deflection. Finally it ought not to be lost sight of that 
the nerve endings in the muscle, or even the muscle itself, 
may be affected by the polarising current, and this may have 
an influence on contraction, as well as tjie conductivity or 
excitability of the nerve trunk. There would of course be 
nothing corresponding to this in the galvanometric observations. 

It may be said that there is not enough evidence for us to con- 
clude that during the second stage the conductivity around the 
cathode is increased. What evidence I have found has been stated. 
It is of some weight but not perfect ly conclusi ve.* The evidence 
shewing the relative depression of conductivity around the 
cathode during the first stage is very much stronger, so strong 
that it does not seem easy to doubt it. There is one objection, 
however, which ought not to be passed over. It may be said 
it is with comparatively strong currents that most of this work, 
has been dents; Are the effects observed truly physiological, or 
are they due to injury of the tissue { It is a legitimate question. 
If the effects were due to permanent injury, the observation of 
them would not be without value, provided they were constant 
effects. In this investigation, however, I did not wish to study 
the behaviour of currents of injurious strength. The nerve was 
therefore tested as to* its condition at yite^als throughout 
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every experiment. The assumption was, that a nerve which at 
the end of an experiment shewed, something like the same 
behaviour qualitatively and quantitatively as at the beginning, 
had not been injured fco far as the properties on which the 
particular effect depended were concerned. In a certain sense 
it is no doubt true that a nerve whose conductivity is com- 
pletely abolished is injured; but the change is within 
physiological limits, if, in an isolated preparation, the original, 
conductivity is afterwards restored. ' 

2. After opening the po!arix!nrj current. 

For the after-effects of the current the arrangements were the 
same as for the effects during the flow, except that there was a 
break in the circuit of the secondary coil which was not closed 
till the polarising circuit had been opened. Further, it was not 
necessary to have the resistance A in the latter circuit, but; the 
large resistance B was still kept in the former, to prevent the 
polarisation currents from passing. After opening the polarising 
stream, stimulation was at once made, and it was then repeated, 
sometimes at intervals of 2 7 , sometimes at intervals of 5", or 
even at a greater interval where the block lasted a long time. 
Experiments <18 to 71 are examples. 
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Experiment 68. 
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. Experiment s 70. 
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Experiment 70 a. 
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Experiment 71. 


Polarising current. 

Time of flow. 

Effect on muscle. 

i n \ 

20" 

0 

1 D f 

20" 

No for 5" 

1 1) | 

20" 

C 

1 D f 

20" 

No for 10" 


Single break shocks. Only one nerve. 



ON 1>0LARISED NERVES. 


93 


The results of Section IX., 2 may be summarised as follows : 

1. With a very short time of closure. # a. If we adjust the 
stimulus so that contraction shall occur immediately on opening 
the descending current, there will be ijo contraction for some 
time after opening the ascending current, b. If we adjust the 
stimulus so that contraction shall not occur for some time after 
opening the descending current, it will take a longer time to 
appear after the ascending current. 1 

2. With a longer time* of closure, a always holds; but, if the 

stimulus be made so weak that the interval of inefficiency after 
the descending current is' more than a few seconds, the difference 
between the two directions is not so marked. A strong 
stimulus is more suitable for bringing out the difference than a 
weak. J • 

3. If we determine the strength of stimulus which is just 
necessary to give contraction immediately after opening, it will 
come out greater for the ascending than for the descending 
current. 

4. When an interval has existed during yrhich the stimulus 
has been inoperative, the contraction does not reach its original 
height tor some time after the stimulus has again become 
effective; and this time is longer after the ascending than after 
the descending current. 

I he stronger the stimulus the shorter, as might be expected, 
is the interval between opening the current and the appearance 
of contraction. * 

Not infrequently a preliminary stage was noticed with the 
weaker currents, where a stimulus could be found which gave 
contraction at once after the ascending current, but not for 
some time after the descending. This would correspond to the 
second stage Airing the flow, but it was very far from* being as 
constant; and, without further investigation, it is not possible 
to say if such a stage really 'exists; or, if it does exist, how it 
is to be explained. With the stronger currents the above 
results were very constant both for the double nerve and the 
single nerve preparation; and also, as Experiment 70a shews, 
when two muscles were observed at once. , 
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I do not see ifow the conclusion can be avoided that after 
opening the polarising current a rapid or perhaps instantaneous 
reversal of the relations of the poles takes place . 1 With a short 
time of flow the cathodic block is at once resolved on opening, 
and the anodic block is at once established. With a longer time 
of flow the conductivity is still depressed in the first moments 
after opening throughout the whole intrapolar region, but the 
maximum of the depression is found at the anode, while before 
the opening it was at the cathode. But what else has happened? 
The anode has itself become the seat of an opening excitation, 
probably lasting. The cathode was bn closure the seat of 
•excitation, a closing tetanus, perhaps, for the cathodic region of 
the nerve, if not for the muscle. Where the polar excitation 
reigns, there reigns also the polar inhibition which blocks the 
external impulse. Is there any connection between the inhibi- 
tion and the excitation ? It will not do to say that the nerve 
is exhausted by tlie latter, if it persists. The problem is, why 
does this external excitation not break its way along the 
nerve? It is notorious that it does not do so except in special 
cases. A positive polarisation deflection is constant, a Ritter's 
tetanus is occasional. Is it not obvious that there is something 
which hems the internal excitation in ? And tin's something, 
does it not also prevent the passage of the external excitation ? 
We call the modification which does this a defect of conduc- 
tivity. It is a convenient name, it is not an explanation. The 
relation between the conductivity of a nerve at any point and 
the excitability has been often discussed. It has been said that 
there is no necessary connection between them. It has been 
said that they arc the same. I confess I do not see ( he cogency 
of the reasoning of that school which says that the conductivity 
and excitability must be functions of the same Var iable, because 
we cannot conceive of the nerve impulse being propagated 
except as an excitation of successive nerve sections by each 
other. Why not ? Is the origin of any excitation a process 

1 This might he explaiued, £13 Griitzner has explained the break contraction, by 
considering the polarisation current as a new current in the opposite direction to the 
polarising streaVh, and closed as soon as the latter is opened. It would lead us, 
however, too lar from or subject to discuss this just now. t 
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like the propagation of it ? I will ftot sfieak of artificial 
stimulation, as we see it in physiological laboratories. If I did, 
I might ask what analogy fhere is between the shattering of a 
nerve trunk by mechanical irritation, the electrolysis 1 of it by 
electrical irritation, and the propagation of the impulse from 
section to section of the axis cylinder. 

But I will take the case of physiological excitation of an axis 
cylinder process by a nerve cell, ‘or ofi an end organ such as the 
retina by light. The tw*> cases are of course different, but let 
us take the most unfavourable one. Does anybody assert that 
the active chemical processes in the nerve cell extend themselves 
to the axis cylinder process or the nerve trunk, when the impulse 
passes ? But it will be said there is no breach of continuity ; 
whatever processes take place in* the active motor cell slide 
insensibly into those which take place in the active motor nerve. 
But where is the meeting place of the activity of the cell and 
the activity of the nerve, for that is the point of stimulation ? 
Somewhere or other something which is not the nerve impulse 
starts the nerve impulse in the nerve. That is the point. 
Somewhere or other between the layer of rods and cones and 
the first beginnings of the axis cylinder fibrils of the optic 
nerve the real retinal stimulus does its work. But never again 

o 

between retina and brain, between motor nerve cell and muscle, 
can the stimulus which a nerve section gets from its neighbour 
be the same as that which started the impulse* It is always 
now a nerve impulse which precede** a nerve impulse. 1 do not 
wish to labour this point. I do not say now that excitability 
and conductivity are separable properties. What I say is that 
we know no tiling in the manner of propagation of a nerve 
impulse which goes against such a supposition. We know much 
which supports it, A good rdsumc of this evidence is given in 
a paper by E. Hirschbcrg 2 published in 1880. The Tnost recent 
work on the subject has come from the Physiological Institute 
in Berlin.* Carbonic acid gas when appplied locally to the 

1 Is electrolysis the essence of electrical stimulation ? This is by no means 
certain. There are considerations which suggest that it may be in certain cases at 
least a static effect. 

a Pliuger’s Archie, I3d. XXXIX., p. 75. 

3 dn Bois Reymond’s Archir , p. 350, 1880. 
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nerve acts as if it depressed the excitability while leaving the 
conductivity unchanged. This was first shewn by Griinhagen. 
Alcohol has now been found to have the opposite effect. Gad, 
under whose supervision the work was done, indeed rejects the 
notion of separating conductivity and excitability, chiefly for 
the reason against which I have been arguing. He thinks the 
results may be explained by supposing that the nerve has what 
he calls a transverse irritability* which is diminished by carbonic 
acid but not by alcohol. I do not propose to discuss the merits 
of this hypothesis, nor the interesting experiments on which it 
is grounded. These experiments leave the general question 
where it was. But it seems to be as well established as anything 
in electro-physiology, that during the flow, the conductivity 
around the cathode is diminished, at least if the current 
is of more than very moderate strength, and that this 
diminution may go on to entire impassability. This was 
first shewn by Hermann. It has been repeatedly con- 
firmed. Abundant evidence of its truth has presented 
itself in this research. It is stated on good authority that 
around the cathode the excitability is increased even with 
strong currents. Tigerstedt found that this was true on the 
very pole itself with mechanical stimulation. And it is very 
likely that an excitation starting at the cathode will pass more 
easily through the remaining part of the region of depressed 
conductivity, chan if it started with the same intensity some- 
where in the intrapolar area. ' For Werigo found that it did not 
need a very strong current to block the impulse altogether for 
intrapolar stimulation at a little distance from the cathode. 
The same thing has been noticed by me in experiments where 
the stimulating electrodes, instead of being median, were placed 
at different parts of the intrapolar area. Even ^for the extra- 
polar cathodic region with descending current Engclrnann 1 
found that the excitability, as measured by the height of the 
contraction, only increased to a certain limit, as the polarising 
current was increased in strength, and then declined, passing on 
into a depression of excitability, which was more marked the 
J PflUgor’a Archie , Bd. III., p. 403. 
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nearer to the pole the point of stimufation was. When this 
was removed farther and farther from tjie pole, the depression 
gave place to increase of excitability. This observation, which 
is very difficult to explain on the ordinary view, becomes at 
once intelligible, if we suppose that, in addition to the cathe- 
lectrotonic increase of excitability in the whole cathodic region, 
there is a cathodic depression of conductivity which spreads for 
some distance outside the pole. * 

It may be said, it is* not unlikely that the excitability is 
really diminished with strong currents near the pole. I have 
nothing to object. But it* is certain that decrease of conductivity 
does not advance jxtvh pas&u, with decrease of excitability, for, 
if it did, the former would shew itself soonest and most decidedly 
in the anodic region. • 

To sum the matter up, there seems to Jbe no doubt that the 
conductivity is depressed around the cathode during the flow 
except with weak currents. There is very strong evidence that 
the excitability is increased. What are we to say ? That both 
things are true, and may he true at the satire time. It is not 
difficult to think of illustrations of such a state of matters. 
Suppose we have a speaking tube, with a joint of thin metal at 
one part which can vibrate like the plate of a telephone. The 
more easily this is set in vibration, the more will the sound 
waves, set up at the mouth -piece of the tube, be weakened in 
passing the joint ; the more wifi the conductivity of the tube, 
v r e may say, be diminished here. But it will be easier to set 
up sound waves in the tube at the joint itself, the more 
vibratile the latter is. In other words, the “ excitability ” of 
the arrangement at the joint will be increased as the “ con- 
ductivity ” is decreased. If, instead of the joint, we suppose a 
number of lioKs at one part of the tube, the saine^tking will 
happen. 

Or imagine that we have two boxes of equal dimensions with 
transparent sides. Put into each an equal weight of metallic 
sodium. Heat one till it is filled with sodium vapour at a 
temperature below that at which it would emit light A beam 
of sodium light will be weakened, or, it may b/*, extinguished 
H 



98 


«. N. STEWART 


in passing through the vapour. In this box we may say the 
“ conductivity ” for the sodium light is diminished. It will 
require, however, less heat to make the vapour luminous in 
this box than to volatilise the sodium in the other, and then 
raise the temperature to the same point. The “impulse,” that 
is to say, can be more easily evoked where the “conductivity ” 
is lessened. In other words “excitability” is increased by 
what diminishes the conductivity. 

Again, to put the case a little more "generally, let us suppose 
that the molecules of the axis cylinder transmit the nerve im- 
pulse only by vibration in the longitudinal direction. Only the 
component resolved in this direction of the force acting on any 
given molecule will ho effective for the transmission of the 
wave. "In the normal uninjured nerve we may assume that any 
transverse component is small, because there is no great change in 
the intensity of the excitation as it passes. Further, let us suppose, 
that in the polarised nerve vibrations in all directions are 
rendered easier around the cathode, the molecules being more 
mobile. In this region the nerve will be more easily thrown 
into the active state, that is, the excitability will be increased. 
But an impulse set up at another part will tend to waste itself 
in the cathodic region, by setting up those irregular vibrations 
which arc not effective for its propagation. The conductivity 
will, therefore, be diminished here. 

It is hardly necessary to repeat that these are only illustra- 
tions of what may happen, and are not intended to represent 
what does happen. 

Fig. 13 shews by means of curves how the stimulation effects 
in the various regions are related to each other, when the 
current density is taken as abscissa and the galvanometer 
deflection as ordinate, the stimulus being supposed constant. 
The continuous curves represent the effect during the flow; 
the dotted curves, that after opening. In (2) and (3) e means 
extrapolar, /, intrapolar stimulation (median). In (1) stimula- 
tion is extrapolar. a means stimulation ori the side of the 
anode, c on the side of the cathode. 

(Reprinted from the Journal of Physiology^Vol. No . 6.) 
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Note. — The fact that no rise of tempeVature can be found in 
the active nerves either of frogs as shewn by many observers, 
or of rabbits as I have lately found by a bolometrie arrange- 
ment* in opposition to SchifFs thermopile observations, is in 
favour of the view that the vibrations of the molecules of the 
axis cylinder are specialized for transmission of the impulse, 
and not wasted in the irregular motion of heat vibrations. 


* My experiments are not yet complete, and I intend to repeat them with a more 
sensitive apparatus, and to extend them to tho spinal cord and the gi^y matter of 
the brain. • 
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The loss of heat by radiation per unit of surface of a body 
in an enclosure of constant temperature depends upon two 
factors, (1) the* nature of the surface, and (2) the excess of 
temperature of the surface over that of the enclosure. It is 
only, however, in vacuo that a body is ever cooled entirely by 
radiation. When the enclosure contains gas there is always 
surface conduction. When the excess of temperature is small, 
the loss of heat varies approximately as the product of this 
excess into a constant, the coefficient of emission or emissive 
power, which depends upon the nature of the radiating surface. 
In this, the simplest, case, we have 



( 1 ) 


as the expression for the rate <Jf cooling, where *0 is the excess 
of temperature, and c a constant. 

Dulong and Petit have given the following formula, which 
agrees fairly well with the observed facts for a wide range of 
temperature : 


dd 

~dt 


/ r+ y Tv 

(a -a ) 


( 2 ) 


where 0 is as before the excess of temperature of the radiating 
body, r the temperature of the enclosure, c a constant depending 
on the nature of the body, and a an absolute constant which 
for the centigrade scale is 1*0077. Various other formulae have 

* This paper is intended to sketch an experimental method and to outline a discus- 
sion rather than to give a sustained and detailed account of results. A. few of the 
measurements have been given, however, as illustrations. * 
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been deduced. In all of them the two factors mentioned above 
are of course involved ; and it will be sufficient for our purpose 
to observe that for such differences of temperature as exist 
under normal circumstances between the skin and the air of a 
room, the rate of cooling of a thermometer or a small metallic 
ball is somewhat greater than that given by formula (1) — for a 
difference of temperature of 20°, not more than 6*5 per cent 
greater. 

When we come to the problem of radiation from the skin of 
an animal, we find the difficulties which attend the subject 
even in the case of non-living matter much increased. We 
have no longer a radiating surface of definite and constant 
character. Not only may the difference of temperature between 
the skin and the environment change from time to time, but 
the physical condition of the epidermis itself may undergo 
variations, independent of or consequent upon, variations in the 
state of the curium. The factor c in equations (1) and (2) can 
no longer be assumed to be constant. Apparently from Masje's 
results (Virchow’s Arckiv, Ikl. 107, pp. 17 — 71 and 207 — 290), 
the change in the emissive power of the skin may be so great, 
under certain conditions, as to mask and even to annul and 
reverse the effect of variations in the temperature. These con- 
ditions are, however, to a great extent abnormal. But in 
considering the part which radiation plays in the normal heat 
loss, we are met by the question, What is the nor mal radiating 
surface in man and animals ? Is it really the naked epidermis ? 
A little confusion on this point seems to exist in the minds 
even of some physiologists. Certain it is, that the enormous 
proportion of the heat lost by radiation to the total heat loss, 
which is observed when the skin is exposed in a physiological 
experiment, is not a normal ratio. Even in the case of the 
lower animals it can exist only under highly artificial con- 
ditions. In the first place only a small proportion of the naked 
epidermis is exposed under normal circumstances, and under 
the conditions which favour a rapid radiation. In man cooling 
by radiatkn is practically confined, outside the tropics, and in 
civilized races, o ) radiation from the clothes. In warm-blooded 
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animals it is confined to radiation from liair or feathers. In no 
case can the coefficient of emission of fcjio real radiating surface 
alter much. It is again a non-living surface, whose properties 
may indeed be altered by physical changes in the air, but the 
radiation from which must be chiefly affected by changes in 
the temperature-difference between it and its surroundings. 

But secondly, it is only when the body is at rest in still air 
that radiation can play a great part fcven in cooling the covering 
of the skin. When either the body or the air is in motion mucin 
of the heat lost must be given off by conduction and convection. 
Even a body with lamp-blacked surface, cooling in a closed 
space with lamp-blacked boundaries, loses only about half its 
heat by radiation, the other half being carried away by the air. 

In normal circumstances, then, radiation is not the <?hief way 
in which the body loses heat. Further^ what radiation there is 
is chiefly from surfaces whose excess of temperature is main- 
tained by conduction from the epidermis, and the emissive 
power of which cannot alter much. A regulation of the heat 
loss by alterations in the amount of radiation cannot take place 
to any great extent by changes in the emissive power of the 
epidermis, cannot probably take place at all by alterations in 
the emissive power even of the physiological protective 
coverings. If such a regulation exists, it must be by means of 
changes in the conducting power of the epidermis, and of the 
temperature of the radiating Surface. 

This paper includes (1) observations on the temperature of the 
skin of man when covered and exposed, and on the temperature 
of the surface of physiological and artificial protective coverings 
in man and one or two animals; (2) measurements of the 
amount of radiation from the normal radiating surfaces, and 
from skin which is normally covered; and (S) Raucous 
measurements of temperature and radiation. 

Methods and insl 'niments used. 

The relation between the temperature and the resistance of a 
metallic conductor gives us the means of constructing thermo- 
meters and radiometers of great accuracy, and sons 1 * * veness, and 
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of late years the principle has been more and more applied in 
physical investigations jn the domain of heat. It has also been 
introduced into physiology. Masje in 1887, in an elaborate 
research on radiation from the human skin, of which we shall 
have more to say later on, used a grating of tinfoil as radio- 
meter; and quite lately Rolleston has attempted, with a 
negative result, to detect an increase of temperature in active 
nerves by means of a resistance thermometer of platinum wire. 
(, Journal of Physiology, XI., 208-225.)'* More than three years 
ago I made„a similar attempt with a grating of gold leaf, pre- 
pared by fastening the leaf upon a largo coverslip, and then 
cutting the grating out, the whole being covered with a thin 
layer of varnish. Six sciatic nerves of the frog were arranged 
on one grating and covered with another, the two being con- 
nected in series, and balanced by a similar pair. The result of 
the first experiments was, like Rollcston’s, negative, but the 
work had to be broken off before enough had been done to 
warrant a definite conclusion, and it was never resumed. Before 
the gold leaf had beqn tried an attempt was made to produce a 
grating on glass by the process of electro-gilding, with fair 
success; but it was feared that the plumbago lines upon which 
the gold was deposited might affect the accuracy of the 
apparatus, and it was not used. In this work I have employed 
gratings of lead paper. 

I. Measurement of the temperature of the radiating 

SURFACES. 

I do not know of any investigation of the temperature of the 
skin which has been made before with an apparatus of this 
kind; yet the method marks itself out as pre-eminently 
suitable for the measurement of the temperature of surfaces. 
What is required here is an instrument which can be 
accurately adjusted to the surfabe, which will quickly and 
certainly acquire the same temperature, and which at the 
.same time will not sensibly alter that temperature by prevent- 
ing the free radiation and conduction of heat. The resistance 
thermome*^' fulfils the first ‘condition bebause it is c&sy to give 
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it any form. It fulfils the second, because its capacity for heat 
can be made extremely small by using very thin wire or foil, by 
which at the same time its sensitiveness is increased. It fulfils 
the third condition, both on account of its small capacity, and 
because it can be so arranged that the average temperature of 
an area can be found without covering more than a portion of 
it. It has great advantages over the thermopile because of its 
small mass, its plasticity of form, ti e quickness with which it 
comes to its position of equilibrium, and the fact that the 
resistance is approximately proportional to the temperature. 
Its greater sensitiveness is an advantage for some purposes, but 
not for measuring the temperature of the skin. It is of course 
no disadvantage, because it can be easily reduced. All this is 
true of almost any form of resistance thermometer. -Another 
advantage, for work where (extreme accuracy is not required, 
is that anybody who can measure a resistance can make himself 
a sensitive thermometer in a very short time out of the 
commonest materials. I used three forms in measuring the 
temperature of the skin. In making the first, a piece of 
ordinary lead paper was fastened to a cover-slip with shellac 
varnish. It was then cut out into a grating, with a sharp 
pointed knife, each bar being about a millimeter in breadth, 
and the distance between two adjacent bars being about half a 
millimetre. The eoverslip was fastened to a simple wooden 
holder, the grating covered with a slip of the thinnest glass, 
and the unscored ends of the lead paper were turned up round 
the holder, and tacked to it by a small copper nail on each side, 
which was soldered to copper connections. The resistance was 
between three and four ohms and the area of the sensitive 
surface a little more than a square centimetre. It would be 
perfectly ca?;y to make the area very much less than this, but 
whatl wanted to measure was not the very small differences of 
temperature which can exist in neighbouring portions of the 
skin, but the average temperature of areas of moderate size. 

This grating was balanced by another of precisely similar 
construction, the two forming the arms of a Wheatstone’s bridge, 
which was completed oy a graduated wire^with a shjiVng contact. 
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Two methods of observation were used. In the first the bridge 
was balanced, one of the gratings applied to the skin (the same 
one was always employed), and the resulting deflection read off. 
This is proportional to the difference of temperature between 
tlio two gratings, and by an experimental graduation the value 
of the deflection in degrees is obtained, this value being the 
excess of temperature of the skin over that of the air. In the 
other method two equal resistances were introduced one at each 
end of the bridge wire. The resistances were of such amount 
that with the maximum difference of temperature between the 
gratings the slider had to be moved over three-quarters of the 
length of the wire in order to restore the balance. Instead of 
reading the deflection, the position of the slider with null deflec- 
tion was read before and after the application of the grating to 
the skin. The experimental graduation gave the difference of 
temperature corresponding to a given difference of position of 
the slider. Experiments 1 and 2 are examples of the two 
methods. In using the first method it was necessary to be care- 
ful that the battery was always set up in the same way, so as to 
have a constant E.M.F. and resistance. 


( A — d i Heron cc o f ten 1 pc ra t u re be l; ween 
Experiment 1. Deflection read j the part and the air of the room. 

( T — temperature of the part. 


Region. 

Deflection. 

A 

T 

| Temperature 
i of room. 

Anterior surface of left 

222 

16*8 

3 if 

17*6 

forearm. 

Posterior surface of left 

218 

1C-4 

310 

17*6 

forearm. 

Anterior surface of left arm 

232 

17-6 

35 0 

17*4 

over belly of biceps. 

Left log over head of tibia. 

190 

11-4 

34-0,- 

17*5 

Skin just beiow xiphoid 

22G 

17-2 

31 -7 

17*5 

cartilage. 

Skin over sternum. 

206 

i 

4 15 ‘6 

33*2 

17-6 

Trousers over anteriorsur- 

82 

61 

23*7 

17'G 

faee of left thigh (noth- 
ing between trousers 

i 




and skin). * 





!XU y . _ „ 
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Experiment 2. Position of the slider read. 


Region . j 

A 

T 

Temperature of 
! room. 

Palm of left hand. j 

12*58 

30*95 

18*37 

Forehead. 

1 1*70 

33*01 

18-34 

Right cheek. 

11*92 

33-21 

18*29 

heft breast. 

] 6ipl 

31*40 | 

| ' 1 8*,‘>9 

Eight hypogastrinm. 

17*00 4 

j 35*10 

18*10 

Over apex heat. 1 

► 10*32 

j 31*57 

18-25 

Sole of left foot. 

12*75 

| 31*05 

IS -30 

m 


The second form of grating was designed to allow part of the 
area whose temperature was being measured to be still in free 
communication with the air, or perhaps more correctly to 
measure the average temperature of alternate strips of the given 
area. A lead paper grating was cut out on thin cardboard, the 
latter being cut clean away in the intervals between the bars of 
the grating. The breadth of an interval was the same as that 
of a bar. The surface was lightly vanished, and the whole 
mounted in a handle attached to one side. Experiment t] is an 
example of the results with this grating. 

Experiment 3. The measurements were made immediately alter 
those of Experiment 2, on the same parts, and .as far as possible 
under the same conditions. m 


Region. 

! a 

i 

T 

Toui pern turo of 
rot un. 

Palm of left hand. 

1 2*83 ! 

30*99 

18*10 

Forehead. 

14-11 

32*71 

18-30 

Right cheek. 

HO 3 

33*07 

18*44 

Left breast- - 

15*93 

34*1 8 

18*25 

Eight hypogastrium. 

10*82 

35*07 

18*25 

Over apex beat. 

10*08 

34-68 

18*00 

Sole of left foot. 

*12*50 

30*01 

18*11 


A third form of lead paper grating was devised to allow the 
outer surface of the metal to be freely exposed t(\ the air. The 
grating was attached to a narrow frame* of ^cardboard, and sup- 



108 


G. N. STEWART 


ported by a wide-meshed silk netting on its outer surface, 
while the surface next the skin was varnished. With care it 
was possible to get steady contact without injuring the grating. 

Experiment 4 is an example. The measurements were made 
immediately after those of the last experiment. 


Experiment 4. 


Region. j 

A 

i 

* T 

Temperature of 
room. 

j 

Palm of left hand. 

12-44 j 

<30-72 | 

18-28 

Forehead. 

14*14 j 

32 GO 

18*46 

Right cheek. 

14*87 1 

33 00 

18*13 

Left breast. 

15 91 | 

34 01 

18*10 

Hi gh t 1 ly p ogas triu m . 

lfW>6 i 

34-83 ! 

• 18-27 

Over apex beat. 

LG-12 i 

34-42 | 

18*30 

Sole of left foot. 

13*00 i 

30-84 1 

17*84 


In each experiment the temperature of the parts usually 
covered by the clothes was taken immediately after exposure, 
and the results of such measurements are fairly uniform. 
Experiments 3 and 4 shew temperatures which do not differ 
much from those of Experiments 1 and 2; but on the whole 
the temperatures are somewhat lower in the former. This was 
found to depend not upon cooling due to previous esposure, but 
upon the kind of instrument used. The first form described 
reads a little too high, probably because the free radiation and 
conduction of heat is interfered with, and the evaporation of 
sweat checked, more than when the other forms are used. 
Still it is fairly accurate and suitable for every purpose of 
“relative temperature measurement, id though not so suitable as 
the others >yhen the actual temperature of a part has to be 
determined to the second decimal. 

Rut almost any form of resistance thermometer would be a 
great improvement upon the mercury thermometer for measuring 
.skin temperatures. The great constancy of the readings for 
parts of the skin where the temperature has reached its station- 
ary state, eg /.the hands or face of a man who has sat for some 
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time at rest in still air, or a part of the usually covered skin 
which has cooled to its minimum, is a good proof of the reliability 
of the method. f 

When a part of the body which is normally covered is exposed 
to the air of a cool room the temperature declines progressively 
to a minimum, which, with small variations, it maintains. 
Experiments 5 and 0 are Examples. 


# IVXPELUMEXT 5. 



i 

i Time. 

A 

T 

i Temperatur 
! of room. 

i 


4.10 

15*23 

33*43 

18*20 


4.17 

14*81 

33-23 

18-42 

Anterior surface of 

1 4.23 

14-10 

32*06 

« 18*50 

left forearm ex- 

4.29 

13-77 

32-37 

18*00 

posed at 4.10... 

4.37 

I 13*11 * 

31*71 

18*00 

j 

4.42 

13-40 

32*02 

18*02 

1 

4.55 

13-40 

32-02 

18-02 


The temperature remained constant at about 32*0 for 20 
minutes longer, when the experiment was broken off. 


Kx mu me xt 6. 



Time. 

A 

T 

Temperature 



of room. 

— - - - 

- * 

........... 

- « 



5. 1 

» 



Anterior surface of 

5.5 

11-82 

1 1 04 
0-40 
9-65 ! 

32-43 

20T>1 

left forearm ex- 
posed at 5.5 ... 

5. 1 5 

5.24 

5.83 

3TG4 

30*03 

30-25 

20 GO 
20-63 
20-60 


5.40 

9-42 ! 

30-02 

. * W 

20-G0 


The cooling is not uniform over the whole of the exposed 
surface. In general the extensor surfaces of the limbs cool 
more quickly than the flexor, but sometimes there may be little 
difference. The decline of temperature is especially marked 
where there is no great thickness* of muscle betvVbqn the skin 
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and the bone, or where there are only tendons. The skin over 
the patella and shin cool rapidly, while the temperature of the 
back of the hand is nearly always lesfc than that of the palm. 

The temperature of the surface of the clothes in man and of 
the hair of animals is a very important element in determining 
the amount of radiation. It depends chiefly upon the 
temperature of the epidermis, the conductivity of the coverings, 
and the temperature of the, air. It must be remembered that 
air when not free to move is a very bad, conductor of beat, and 
the air between the clothes and the skin and in the pores of 
the clot lies, and between the hairs and feathers of animals, is a 
most important protective covering. The aqueous vapour in 
the air also absorbs radiant heat from a low temperature source 
with great readiness, as Tyndall has shewn (Phil. Trims. 18 ol); 
and still air near the skin must be saturated or nearly saturated. 

The difference of temperature between the surface of the 
clothes and the air will determine the amount of radiation and 
conduction, and it is certain that in man a great part of the 
heat regulation consists in keeping this difference approximately 
constant. If the temperature of the air falls, that of ihe surface 
must fall too, unless the loss of heat is to increase. Between 
the surface of the clothed skin and the outer surface of the 
clothes the slope of temperature must become steeper. Now 
the flow of heat by conduction is proportional to the slope of 
temperature and f he specific conductivity, and inversely propor- 
tional to the thickness of the conductor. The flow must be quick- 
ened when the slope of temperature becomes steeper, the other 
factors remaining unaltered. But if the thickness of the con- 
ductor be increased or its specific conductivity diminished, the 
'■flow may be kept the same as before. This is, of course, what 
happens when additional clothes, or clothes of »a /warmer kind 
are put on in cold weather. When this compensation is not 
complete, the slope of temperature may be made less steep by 
warming the air artificially. When from any cause compensa- 
tion cannot be obtained by variations in the factors governing 
the outflow of heat, the increased How may be balanced by an 
increased production, due either to visible muscular contractions, 
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voluntary or involuntary, or to increased metabolism unaccom- 
panied by such contractions. Heat regulation by alteration 
in the heat production seems to be more complete in the lower 
animals than in man (Loewy, Pfliiger^ Archtv, Bd. 45, S. G25). 
This is what we should expect, not only on account of the 
smaller size of the animals generally used for experiment, but 
because animals of any size have very little voluntary control 
over the difference of temperathre <|f the radiating surface and 
the surroundings. * 

I have measured the temperature of the real radiating 
surfaces in a man cl o fifed in the ordinary way and seated in a 
still atmosphere, and at the same time measured the radiation. 
The temperature of the room varied from 17° C. to a little over 
20° C. The excess of temperaturfe of the surface of the clothes 
varied from 6°*1 over the thigh, which was covered only by the 
trousers, to T o 1 outside of the coat when it was buttoned up. 
Outside of the waistcoat it was in one experiment 4°T7. 
Between the waistcoat and the skin there was a linen shirt and 
a flannel undershirt. The coat sleeve over the fore-arm had an 
excess of 4° *32; over the upper-arm, of 8°*88. The excess of 
temperature did not vary much for a change of a few degrees 
i» the temperature of the room. 

x 

The rest of the radiating surface, the skin of the hands, neck, 
and face, and the liair, had of course a much greater excess of 
temperature, ranging from 1KG1 on the palm and 10°*S3 on the 
dorsum of the hand to 14° 54 at the side of the neck, and 13°8G 
on the cheek, the surface of the hair having an excess of 7°’4. 

The skin of a guinea-pig at one place had a temperature of 
34°*50, the surface of the hair over it a temperature of only 
21)°*11; the skin at another place 35°'83, surface of hair, 29°*56 
the skin of f? rabbit, 36°*80, hair over it, 31°*54. 

II. Measurement of the quantity of heat radiated. 

Arrangement. I used at first a thermopile, but soon aban- 
doned it for a lead paper grating fastened on a frame of stout 
cardboard, and blackened on one surface. It was balanced in 
the Wheatstones bridge by a similar grating, and '.the measure- 
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ments were taken fn the manner described for the temperature. 
The grating which received the radiation was of course kept at 
a constant distance (4| centimetres) irom the radiating surface. 

The amount of radiation varied greatly at different parts of 
the surface. Over the clothes it was nearly proportional to the 
excess of temperature, as was to be expected, the outside clothes 
being all of the same material. The radiation from the exposed 
skiu was also approximately proportional to the excess of 
temperature, but in a higher ratio, the -skin having a greater 
coefficient of emission than the clothes (these were of light 
grey material). The total radiation under the most favourable 
circumstances did not exceed the rate of 700,000 calories in 24 
hours for a body-weight of 70 kilogrammes. Taking the 
surface and, therefore, the radiation as proportional to the body- 
weight, this would give 820,000 calories for a body weight of 
82 kilogrammes. Helmholtz has calculated the total heat loss 
from the skin, by evaporation, radiation, and conduction, for a 
man of 82 kilogrammes weight, at about 2,180,000 calories for 
a temperature of the air of 20°. If we substract 280,000 calories 
for evaporation, we get about 1,800,000 calories as the loss by 
radiation and conduction together; and of this the radiation 
would account for less than half. 

Masje calculated from his results, that the quantity of heat 
radiated from the body of a man of 82 kilogrammes weight was 
1,728,000 calorie*, which agrees, according to him, almost pre- 
cisely with the calculated heat loss by the skin, exclusive of 
that due to evaporation. This leaves scarcely anything for 
conduction, which is certainly a mistake. It is beside the point 
to say that “the conductivity of still air is very small, almost 
**20,000 times smaller than that of copper.” Under the con- 
ditions of his experiments and indeed under any circumstances 
in which the skin is exposed to the air of a room, conduction 
and convection must play a great pail. The reason why Masje 
got sucli a high value for the radiation is not because the other 
portions of the heat loss were very small, but because the total 
heat loss in his experiments was very great, much greater than 
the normal. 1 The agreement of his calculation for radiation 
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alone with Helmholtz's calculation for radiation and conduction 
together is only accidental. Wlmt Masje measured was the 
heat radiated from the naked shin in a cool room ; and nobody 
can doubt that the total heat loss, with an air temperature of 
10° — 15° C. must be greater when the body is naked than when 
it is clothed. This is true, not only when the whole body is 
actually stripped, but also when the heat loss is reckoned from 
that of a number of limited Areas | singly and successively 
exposed. If Masje had measured the total heat loss by radiation 
and conduction, under the conditions of his experiments, he 
would have found that the fancied agreement disappeared, and 
the disappearance of it would be a necessary proof of the 
correctness of his results. The mistake, however, can only be 
considered as a? slip in a very thorough and scientific paper; 
but it is well to point out that Masje s whole investigation, 
interesting as it is, lias only a limited application to the question 
of heat radiation from the body under normal conditions. 

For example, in one of my experiments the heat radiated 
from unit area of the palm of the hand was to that radiated 
from the surface of the sleeve of a thin flannel shirt over the 
anterior surface of the corresponding forearm, as 201 to 42, or 
in round numbers 5 to 1. The radiation from the naked skin 
of the anterior surface of the forearm was to that from the same 
thin covering as 270 to 42, or more than 6 to 1, while its 
proportion to the radiation from the surface of the coat was as 
270 to 28, or nearly 10 to 1. From the cheek the radiation was 
almost exactly six times as great as from the llannel covering 
the forearm. It is evident that if we were to take the radiation 
from the naked skin as the measure of the normal heat loss by 
radiation, the value would be far too high ; for the clothes are 
warmed chiefly by conduction. 

We have seen that there are two factors which may affect the 
amount of radiation, the temperature difference and the emissive 
power. Masje could not find any decided influence of the former 
on the radiation from naked skin; but be found that the emissive 
power varied in a very remarkable manner. He found that 
when the whole body or a large part of it was exposed to the 
I 
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air of a cool rocfm, the radiation increased with the time of 
exposure; and when the temperature of the room was only 
9° — 10° C., it might in less than an’ hour reach double or even 
quadruple its initial amount He ascribes this to changes, per- 
haps partly produced reflexly through nervous influence, which 
alter the emissive power of the surface. I do not dispute the 
accuracy of the observations on which he rests his conclusions, 
although I am unable from my own experiments to confirm 
tli cm, as I worked with a higher temperature of the air. It 
is to be expected that physical changes in the radiating sur- 
face, such as must take place in the skin both from physical and 
.physiological causes, affecting notably the amount of moisture 
contained in its superficial layers and on its surface, should 
affect also the emissive power. And although the outer layer 
of the epidermis can scarcely be susceptible to direct nervous 
influence, yet it is not impossible that changes in the rete Mal- 
pighii brought about through efferent nerves acting directly on 
its cells may have tile supposed effect. On the other hand 
there are so many known factors by which the amount of radia- 
tion, as measured by a pile or a bolometer, may be influenced, 
that it is only when these are obviously insufficient to explain a 
phenomenon, or when there is strong direct evidence that they 
are not connected with it, that we should call in the aid of 
“ direct nervous action.” 

There is one*. factor which must affect all radiation experi- 
ments on the animal body, and especially on the human skin ; 
and that is the quantity of sweat given off. Apart from its 
effect on the temperature of the skin, which will influence the 
quantity of heat emitted, the amount of watery vapour, and 
perhaps of other substances such as the aromatic bodies in sweat, 
in the layer of air next the skin, will affect „thp, proportion of 
the radiated heat which reaches the recording instrument. 
The absorptive power of water vapour for radiant heat from 
-a source at the temperature of the surface of the body is 
very great. Carbonic acid gas is also a very much better 
absorber than dry air. Certain organic vapours in very 
minute trabes almost prevent radiant >heat from passing. In 
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still air there must be a layer next the skin which contains more 
watery vapour than the atmosphere, \yhen the sweat glands 
are active tins layer will be of greater thickness and more 
highly charged with watery vapour, carbonic acid, and possibly 
with, other substances which are even better absorbers of radiant 
heat, than when the secretion of sweat is slow or in abeyance. 

If we take the quantity of water given off as insensible per- 
spiration for an average adult, at, s?iy, (550 c.c., it is easy to 
calculate the volume of dry air which would be saturated by 
it lor any given temperature. One gramme of aqueous vapour 
can saturate, in round numbers, 33,000 c.c. of dry air at 30° 0., 
and 050 grammes would saturate 21,450,000 c.c. Taking the 
surface of the body at 20,000 sq.cm., we get about 1,(>70 c.c. of 
air saturated at 30° C. per centimeter of surface in the 2 f hours. 
This is equal to about f of a c.c. per mi mite. In a minute the 
evaporation from the skin would suffice to surround the body 
with a shell of air, saturated for the temperature of 30° C., of 
three-quarters of a centimetre in thickness, if there was 
no movement of the air. 

Seguin’s estimate of the material given off by the skin at A 
of the body weight in 24 hours would correspond to about 
double this thickness of saturated air at 30° O. ; and to a saturated 
■layer 3 centimeters thick at 20° C. For originally dry air at 
10° C. the layer would be rather less than 5 c. in thickness ; 
and for air originally half saturated at 10° C., tffc thickness of 
the layer raised to saturation point in a minute would be 10 c. 

Of course we cannot assume that saturation does actually go 
on in still air so quickly as this. But if we consider that the 
average rate of evaporation for the 24 hours over the whole 
surface may be much exceeded at certain times and for par- 
ticular parts of flie* skin ; and further that aqueous vapour does 
not necessarily diffuse away at the rate depending on its density 
but may be condensed on dust particles in the air and re- 
evaporated, we shall see that some absorption of the heat 
radiated from the body must take place between the instrument 
and the skin, and that this will be greater the morejfreely the 
sweat glands are acting. 
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A small apparent increase in the radiation when the skin is 
exposed for some time in a room, with a temperature of 17° C. to 
20° C. might be explained as due to diminished activity of 
the sweat glands, and therefore to diminished absorption. But 
the increase observed by Masje with a temperature of the air 
of 10° C. to 18° C. is too great to be thus accounted for, and the 
initial intensity of radiation does not seem to leave room for a 
very extensive absorption. Besides, a warm bath seemed in his 
experiments to cause an increase of- radiation, even after the 
skin temperature had sunk to normal. I cannot any that I 
have been able to satisfy myself that* the increase of radiation 
which undoubtedly follows the use of a bath a few degrees higher 
than the skin is due to anything else than the increase of 
temperature of the radiating surface. But this may again be 
due to the temperature of the room being higher than in Masjc’s- 
experiments. 

The effect of some antipyretics in increasing radiation 
certainly seems to favour the view, that the emissive power is- 
increased; but when an antipyretic causes flushing of the skin 
it must increase the temperature of the radiating surface. 
Antipyrin, as Masje rightly remarks, reduces the temperature 
in the axilla, at the same time that it increases the radiation 
from the skin. But reduction in the temperature of the axilla 
or in the temperature of the blood, is not the same as reduction 
of the temper at are of tire naked skin. The radiation from a 
flushed skin must come partly from a layer as deep as the most 
superficial bloodvessels, else we should not see the Hush ; and 
doubtless rays of greater wavelength than the extreme visible 
red can pass through the epidermis. 

The greatest difficulty in the way of the explanation of such 
immense changes in the intensity of radiation rs Masje saw, by 
changes in the emissive power, is their very magnitude. The 
emissive power of the skin under normal conditions is high. 

I have found that a thin layer of lampblack does not much 
increase the radiation from the palm. In some experiments it 
even seemed to diminish it. But there is a possible fallacy here. 
Some of the radiation from the skin certainly comes from the 
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deeper layers. The lampblack will absorb this, and being at a 
lower temperature at first it will not give it all out again. But dead 
skin is also a good radiator. Two equal cubes of thin metal 
were covered with human skin. The ski/L covering one of them 
was coated with lampblack on the outside. That covering the 
other received a similar coating on the inside before being put 
on, so that the conductivity might be the same in both. The 
cubes were filled with water at 4 (V 5 C.^and allowed to cool. The 
rate of cooling showed that the lampblacked surface did not 
radiate much faster than the skin. But if the emissive power 
of skin can be increased fourfold, it must before the increase be 
less than one-fourth that of lampblack. Masje found that when 
the skin of the arm was cooled 3° C. to 4° C. below the normal 
the radiation fell off instead of increasing, and he explains this 
aw due to the effect of the diminished temperature more than 
counterbalancing the effect of the increased emissive power. 

It is difficult; to see why if the emissive power can be increased 
fourfold by cooling the surface, a. decline of 3° C. in the surface 
temperature should have any sensible effect in checking the 
radiation. From equation (1), p. 101, we sec that the radiation 
will remain constant if c is increased in the same proportion 
a’s 0 is diminished. Taking 3° — 4° as the utmost by which the 
temperature of the skin can be diminished without diminishing 
the radiation, we find that an increase of one-fifth in the coeffi- 
cient of emission would in Ma*je\s experiment* be enough to 
balance the fall of temperature. But if an increase of fourfold 
is possible, why is an increase of a fifth not forthcoming ? 

If wo take equation (2), p. 101, wo get for the radiation from 
skin at 31° C., with a temperature of* the room of* 15 0., the 
expression 

R -- c(a sl — a ja ) ~ ca ls ( a w - 1 ), 
and for the radiation from the skin at 28° C., 

If = c(a 2H - a lb ) = m 15 (a M jp "iC f 

, n R 1306 T . 5 

a - 1 -00v 7, and ~ , ^ 17 . ry or about y 
\ R 10^'J i m 


Now 
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If we take 4° as the fall of temperature, 


R* 

K 


1306 
964 * 


or about 


So far as the temperature factor is concerned the radiation would 
only be diminished by \ for a diminution of 3° C. ; and by i for 
a diminution of 4 (1 ; again we are confronted by the question 
why the increase in the emissive power, which can assume such 
proportions when the temperature is lowered by 2° 0., should be 
unable to compensate for the trifling diminution of radiation 
(iV or iV at most ) caused by a further lowering of 1° C. Either 
the emissive power cannot alter so much as Masje thinks, or it 
is not altered in the same sense, or in the same proportion if the 
sense be the same, for a fall of temperature of the skin of 3°0. as 
for a fall of 2° C. It will not do to say that it reaches a maxi- 
mum when the skin is 'cooled, say 2° C. It must decline from 
this maximum or possibly sink even below its original amount, 
if Masje’s explanation is to be held sufficient. The greater 
the changes in the emissive power which must be postulated in 
order to explain his results with moderate cooling, the more 
difficult does it become to give a consistent explanation of what 
happens when the cooling is carried a little farther. Even if we 
suppose that the greater part of the radiation is from layers 
below the surface, and that the absorptive power of the super- 
ficial layers for this radiation is the chief variable, the difficulty 
is still to explain how so large a variation can be brought about, 
and why it should so abruptly change its sign. With an 
external temperature of from 17° C. to 20° C. I have certainly 
found that the temperature of the skin is a far more influential 
variable than the emissive power. Masje, on the other hand, 
working with lower external temperatures, found just the 
reverse. No entirely satisfactory explanation occurs to me of 
this difference — discrepancy it can hardly be called, because 
there is no reason why the factors which determine the amount 
of radiation should affect it in the same way with a low, as 
with a moderately high external temperature. The influence 
of the temperature factor is" very clearly seen in parts of the 
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skin which are normally exposed, while* the emissive power of 
such parts remains approximately constant. Experiment 7 
shews the effect of various conditions of such a surface and of 
changes of its temperature on the radiation. When the tem- 
perature of the hand is raised or lowered by immersion for a 
short time in a bath, the radiation is correspondingly increased 
or diminished. This contrasts with the behaviour of the 
normally covered skin as obserted Jjy Masje, who found that 
cold baths might greatly increase the radiation. 
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Experiment 7. Palm of left hand. 


Time. 

| Condition of Surface. 

Deflation. 

j 

1 1.30 a.m. 

j Moist with swept. 

100 

The temperature of the 

11.32 „ 

Dried lightly with cloth 

130 

room during the ob- 

11. 30 „ 

Washed in water at 20 c 
and dried. 

122 

serrations varied from 
20° C. to 20’-3. 

12.30 p.m. 

Felt cool. 

98 


2.30 „ 

2.40 „ 

I immediately after , walk- 
ing- — felt warm. 

121 

126 ' 


2.45 „ 

Covered with vaselin. 

86 


2.50 „ 

Still covered with vase- 
lin. 

78 * 


-.55 „ 

Vaselin washed oil-hand 
d ried w i t h on t r u 1 >b ing . 

126 


2.59 „• 

Palm covered with lamp- 
black. 

101 


3.2 „ 

( 

105 


3.4 „ 

» >1 

112 j 

i 

3.0 „ 

i? )) 

98 | 

1 

3.9 „ 

Lam p-black removed. 

1 120 i 


3.10 „ 

jj 

124 

1 

3.15 „ 

Rubbed briskly with 
towel — felt very hot. 

| 158 

At 3.18 the radiation 
had sunk to 123. 

3.20 „ 

H eated in dry air at 50° C. 
for 1 minute. 

i 148 


3.25 „ 

j 

After being 1 minute in 
bath at 1 t)°C. ; dried 
without rubbing. 

9G 


3.30 „ 

i 

• 86 


3.35 „ 

After being 1 minute in 
bath at 27° C. 

99 


3,10 „ 

After being 2 minutes in 
bath at 36 J C. 

134 


3.50 „ 

After being 2 minutes in 
bath at 46° C. 

168 

At 3.45 radiation was 
125. 


A division of the scale represents about *000006 * small calories 
(gramme-degrees) per second per c.c. of surface. 


III. — Simultaneous measurement of the surface tem- 
perature AND THE RADIATION. 

I do not propose to do more here than to describe the method 
of making *the observations and to give a single example of 
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them, as I hope to have an early opportunity of returning to 
the subject in connection with some calorimetrical work. 

Both the temperature and the radiation were measured as 
before by the resistance method, and the radiometer was the 
vsame lead paper grating as was previously used. The ther- 
mometer applied to the skin consisted of a narrow strip of 
varnished lead paper, forming the sides of a square whose internal 
area was equal to that of tlje sensitive part of the radio- 
meter. It was attached to the radiometer at a distance of 41 
centimetres ; so that when a part of the surface of the body was 
applied to the thermometer it was in the proper position for the 
measurement of the radiation. The instruments, balanced by 
two precisely similar arrangements, were each introduced into 
a Wheatstone’s bridge, the two systems being quite separate and 
the galvanometers independent. The deflections were simulta- 
neously read. Strictly speak ing it waif not the temperature of 
the radiating surface itself which was measured, but that of its 
boundary, winch must be approximately the same when the 
area, is not too large. 


1 j\ r i mo him ent 8. Palin of right hand. 


C'ouriition. 

i i 

| ltariiat-ion. j 

A 

i 

; t 

Temperature 
of loom. 

Normal. 

107 

10-40 

! :n o 

20 GO 

Arm held a hove head for 2'. 

70 

9 05 

1 21) -05 


Hand hanging down for 2'. 

! 188 

1M 

1 ;n*7 


Hand kept at level of 
heart for 2'. 

120 i 

! 

► 10*4 

| 3 1 0 


Band round wrist so as to : 

121 

10 9 

j 31*4 

20 5 

prevent the venous re- 
turn. 





Hand immediately after 

00 

0.50 

30*11 

20*01 

bath at 18° for 2'. 





Hand after briSk rubbing. 

152 

14*07 

34*57 

20*50 

Hand after bath at 33° 
for 2'. 

112 

• 

10*84 

31*34 

20*50 

Hand after hath at 45° 
for 2'. 

174 

i 

i 

15*10 

35 52 

< 

20*42 


A means, as before, the excess of temperature of the skin over the air. 

T the temperature of the skin. # 0 

It will Le seen th:jt the radiation frftrnlhc palm is in most 

m 
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cavses approximately proportional to the temperature ; and 
therefore the coefficient of emission for the palm may be looked 
upon as fairly constant. This does not apparently apply to the 
normally covered skin, i;or to the skin in fever. Masje states 
that in fever the radiation is less than the normal, although the 
temperature of the skin is greater. This can scarcely be true of 
the whole heat loss by the skin, for, in fever, after the stationary 
temperature has been reached, the loss of heat must equal the 
production, and the production is increased. More heat must 
therefore be Jost in other ways than is normal ; by conduction 
and convection and hy respiration that is to say. 

The general conclusions to which I have been led are that 
© 

under normal circumstances the heat loss cannot be regulated 
by alterations in the emissive power of the radiating surface 
either in man or animals, and that, for the external tempera- 
tures with which I have worked, no marked change in the 
emissive power of the human skin can be brought about by 
heating or cooling it. The difference of temperature between 
the radiating surface and the environment is therefore the 
chief factor which affects the heat loss. When this is increased 
the heat loss is in general increased, whether the greater differ- 
ence of temperature be brought about by lowering the external 
temperature, or by increasing that of the radiating surface, or 
by substituting for the normal radiating surface another of 
higher ternperatuie, or greater emissive power, or both. 

When a large part of the skin of an animal which is normally 
protected by an artificial or natural covering is exposed to air 
at a temperature of 15° C. to 20° C., the loss of heat by the skin 
is increased ; and it depends (a) upon the size of the body, (h) 
'upon the perfection of the heat-regulating mechanism, whether 
the internal temperat ure falls or not. The larger 'the body the 
less must the proportional increase of the heat production be, 
in order that the internal temperature may remain constant. 

In small animals, such as rabbits and guinea-pigs, it is astonish- 
ing how little an increased beat production can supply the loss 
of a considerable part of the protective covering, or make up for 
an alteration in it which increases the outflow of heat. It has 
long been known that a rabbit dies when its skin is varnished. 
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The superstition still lingers in some tfext-books that this is due 
to interference with the excretory functions of the skin. This 
explanation may perhaps ft old good in the case of animals like the 
horse. It is not necessary for the case of the rabbit and the guinea- 
pig. For, without varnishing at all, if the hair be removed from the 
greater part of the body of either of these animals by rather close 
clipping or still better by shaving, and the animal be kept in an 
empty box so that it cannot cover itself, it dies in summer weather 
with an air temperature of 15° C. to 18° 0., and that sometimes in 
20 to 30 hours. The rectal temperature sinks fast, notwithstand- 
ing almost constant iri Voluntary muscular contractions. If the 
radiation from the skin be measured, it is found to be far in 
excess of that from the hair. The animal is evidently losing 
heat more rapidly than it can produce it. The heat regulating 
mechanism is overmastered by the sudden increase in the heat 
loss from the skin. If now, before the cooling has gone too far, 
the animal be placed in a warm chamber, the rectal temperature 
rises again, and it recovers completely. The increase of heat 
production can only respond within somewhat narrow limits to 
an increased heat loss; and it would seem that if the beat pro- 
duction once begins to lag behind the heat loss, if a considerable 
diminution of the temperature of the blood has actually taken 
place, it- becomes more and more difficult to restore the balance. 

When the skin is varnished the same kind of thing goes on. 
The hair owes its low conducting power cldelly to the large 
amount of air which it keeps at Vest around the animal. When 
it is varnished over, a great part of this air is expelled, the hair 
is flattened down on the skin, and the escape of heat is accelera- 
ted. The dilatation of the vessels which is said to take place 
under the varnish would increase this still more. 1 Possibly thr* 
emissive pov#er*of the varnish may be greater than that of the 
normal radiating surface. 1 have not, however, found this the 
case for the skin of man.* At any rate, an alteration in the 
normal radiating surface, whether produced by varnishing or by 
removal of the hair may be sufficient to baffle any attempt at 
makingupthe increased loss by increased prod action, and the lower 
the external temperature the mone easily will this take place. 

1 Any direct or reflex “ionic” effect which the "actual contact of the air may 
have on the skin is of course lost. m 
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When a current passes through a living tissue it produces 
two kinds 'of effects, (1) physiological, ( 2 ) chemical' or physical. 
The physiological effects no doubt depend in some cases, if not 
in all, upon precedent chemical changes, and are accompanied 
or folio wed by further changes of the same kind. The more 
purely chemical and physical changes may lead in their turn to 
physiological effects. . So that no hard and fast line can be 
drawn between the two classes. Hut it is easy to lay down 
the conditions which determine the predominance of the one 
rather than the other. A current of short duration produces 
chiefly physiological action. In other words, its effect is mainly 
to start the activity of the excitable tissues. 

An induction slibck sufficient to cause a maximal contraction 
of a muscle produces only a very slight electrolytic decomposi- 
tion. A galvanic current which is gradually increased from a 
sub-minimal strength without causing excitation may yet 
bring about profound chemical effects ending it may be in the 
death of the tissue. A given quantity of electricity passed in 
the form of a series of swift shocks may throw" hiv animal into 
violent tetanus, may exhaust the muscles and nerves, and lead 
to gradual or sudden death, while the same quantity passed as 
a continuous current may ha ve scarcely any visible physiological 
effect. The amount of chemical decomposition caused by the 
current w 7 ill be the same in both eases, but the physiological 
changes lmTy be ve“y .different. On the other hand, the con- 
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tinuous current may excite, or at least determine, physiological 
effects which may last through the whole period of its flow, and 
even continue long after:* The investigation of these effects 
for strong currents, and particularly the investigation of the 
chemical and physical changes by which they are accompanied, 
and of the relation between the two, if there be a relation, is a 
large inquiry, an inquiry of great and even pressing importance 
in view of the rapid development of electrolytic treatment both 
in general surgery and in gynecolAgy. This paper is a small 
contribution to the knowledge of this wide and somewhat 
neglected region. I propose to deal here chiefly with the 
chemical and physical part of *the subject, leaving the physio- 
logical for a future communication. But wherever there appears 
to be a connection between the two parts, or even a hint of a 
connection, I shall try to point it out. 

The first question to settle was whether the tissues conduct 
altogether by electrolysis, or whether a part of the current may 
not be carried by conductors belonging to the metallic class. It 
is evident that part of the conduction at least must be electro- 
lytic ; for the tissues arc polarisable ; ’they can replace the 
liquids of a voltaic cell ; their resistance is diminished by heat. 
They are bathed with blood and lymph. Everywhere in the 
mass of a tissue there are inorganic salts in solution or perhaps 
in combination, chemical or molecular, with the proteid sub- 
stances. These must necessarily conduct part of the current. 
A larger problem could therefore be stated in this way : What 
proportion of the current is carried by electrodes, and what 
are the electrolytes ? The second part of the problem was first 
attacked. What are the electrolytes ? In particular, are the 
proteids electrolytes ? I attempted to answer this for coagulablc 
proteids (egg-a]bumin, serum albumin, and myosin) in solution 
by measuring the resistance at a given temperature before and 
after coagulation. I found* that within the limits of error of the 
methods used heat coagulation produces no change in the 
resistance. Of this fact there are two possible explanations. 
Either the coagulable material conducts so badly that any 
physical alteration in it causes no appreciable chauge of res is- 
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tance in the mixture of salts and protckls, or else the conduc- 
tivity of the pure coagulable protcid, although of the same 
order as that of dilute saline solutions, is really unchanged by 
coagulation* The second hypothesis seemed very unlikely* 
But we know so little about the state of a coagulated colloid 
that we cannot assume that it does not conduct electrolytically ; 
and more than one solid electrolyte is already known to science. 
It is certain that salts can conduct the current through a firm 
•colloid jelly about as well as through water; and if this were to 
hold also for the colloids themselves, the absence of change of 
resistance on coagulation would give nb clue to the relative 
conductivity of the protcid and saline constituents of a mixture. 

In order to eliminate this possibility I supplemented the 
■coagulation experiments by a scries in which the resistance of 
animal solids and liquids containing proteids was measured first 
in the normal state, and then after abstraction of the salts and 
other crystalloids by dialysis or digestion with water. 

Resistance Experiments. Before and after coagulation. 

In measuring the resistance of electrolytes some means must 
be taken to eliminate polarisation. Three distinct, methods 
have been chiefly used for doing this : (1) the method of alter- 
nating currents introduced by Kohlrausch and Nippoldt ( Pogg . 
Ann. CXXXVTII. p. 286, Oct., 1869), (2) Paalzow’s method 
(Berlin Mount sherd cht> July, 1868i, and (3) the electrometer 
method used by Bouty ( Comptes Rendus CM., p. 1098, and 
XC VIII., pp. 140, 362, 797, 908). 

I employed both the first and the second methods with some 
modifications. For the first, two thin glass U-tubes of the 
srrne dimensions contained the solution, and formed the arms 
of a Wheatstones bridge. The tubes had large cap at the ends 
in which the electrodes, consisting of platinum disks, whose area 
was large compared with the cross section of the tubes, were 
placed. The resistance of the arms of the bridge would of course 
be approximately the same. The bridge was completed by a 
thin German silver wire 4 metres long and with a resistance of 
84 ohms. Thill was used instead of a box 'to avoid self-induc- 
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tion. A telephone connected a slider moviifg on the wire with 
the junction of the two tubes. "Equal and opposite induced 
currents being sent through the arrangement, the polarisation 
of the electrodes would be eliminated with a sufficient 
frequency of vibration of the autofnatie interrupter. The 
observation consisted in finding the position of the slider 
for which no sound was heard in the telephone, or rather 
the two positions between whiq*h no sound was heard, for there 
was always a “dead” region. TheHubes were immersed in the 
same water bath. The first observation was not taken for two 
hours after the tubes were put into the bath, so tffiat the con- 
tents might be at the same temperature. So great is the 
temperature coefficient of electrolytes that a difference of half a 
degree between the tubes would cause at the lower tempera- 
tures an error of more than one per cent. It was therefore 
necessary to spend a great deal of tin/e over each experiment. 
The temperature was now raised a few degrees above that of 
the room, and kept constant for a time, and then the bridge- 
ratio was again determined. A few degrees of difference in the 
temperature caused very little change in the ratio. If the tubes 
were quite alike the ratio would always remain the same 
whatever changes the temperature might undergo provided 
that the two were always equally affected. As a matter 
of fact, the change in the ratio was very slight for a 
difference of 10° C. This # was a great ^advantage. The 
bath was now emptied by a siphon and slipped from below 
the tube whose contents were not to be coagulated. After 
being filled again to the original level round the other tube it 
was heated till coagulation was complete. The water was again, 
siphoned off* and the bath replaced so as to include both tubes, 
and refilled. , It was thought worth while to go through this 
rather tedious process to secure the advantage of having both 
tubes in the same bath wh&n the measurement was taken, and 
to avoid any movement of the tubes or tlieir supports. An 
interval of several hours was allowed for the temperature to 
become the same in the tubes, and the bridge ratio was again 
determined for the temperature oj temperatures at which it had 
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been observed before. Any difference in the ratio must be due 
to change of resistance in the coagulated solution. The solution 
was not coagulated in' the cups, sc that there might be no 
chance of a change in the contact of the electrodes. The same 
routine could now be gone through again, the contents of the 
other tube being coagulated. Two experiments could thus be 
made with one filling of the tubes. 

The following experiment is an example. 


Experiment 1 . — Egg-albumin. 


Before coagulation 


After coagulation of tube A 


After coagulation of tube B 


It 2033 
IV r 1967 

2032 

ii>G£ 

It 2033 
E' 1967 
2035 
1965 

2035 
1965 

2036 
1961 
2030 
J 9 7 0 

2033 
1967 


The graduation of the wire was in millimetres. There were, 
therefore, 4,000 divisions in the whole length. An error of five 
divisions at the middle of the wire would only correspond to 
2 -bout a half per cent of error in the resistance. It was possible 
to say when the sound ceased in the telephone within a some* 
what shorter range than five divisions, and the variations in the 
readings before and after coagulation are, as will be seen, Avell 
within this limit. The figures given are the middle points of 
the u dead space.” We may conclude that if any change is pro- 
duced by coagulation in a solution of egg-albumin winch is- strong 
enough to yield a firm coaguliKn, it does net amount to a half per 
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cent of the total resistance. The coaeulable material must 
therefore conduct very badly if it co/iducts at all; and the 
current must be carried mainly, if not entirely, by the non- 
coagulable constituents. # 

A solution of myosin in 10 per cent ammonium chloride gave a 
like result. The temperature was not allowed to rise beyond 
that required for coagulation. The conductivity of the solution 
was of course much greater than that of egg-albumin, 

O f oo 


Experiment 2. — Myosin from dog’s muscle, 10 per ceiit N I lp'1. 

/ ,o. • R 2004 

Temperature lb It 7 = pJ'JG 

. „ , . „ . n 2004 

After coagulation of A 


R' 1996 


Experiment 


3. — Myosin from dog’s muscle, 10 per cent N 1 f 4 CI . 


Temperature 18° 

R 

K 

2002 

" 1998 

After coagulation of A 


• 

Temperature 8° *6 

It 

2014 

E' 

~ 1986 

18° 

R 

2017 

R' 

- 1983 


With the myosin solutions 4 the # readings did not generally 
agree with each other so well as in the case of egg-albumin. 
W hether this was due to the polarisation, which of course was 
far greater, being less completely eliminated, or to some slight 
decomposition taking place during the heating, I cannot say. 
The change of resistance on coagulation was sometimes so small 
as not to alter *tht) ratio by a single division. Sometimes the 
alteration indicated a slight diminution, sometimes a slight 
increase of resistance. At most the change did not amount to 
one per cent. 

Similar results were obtained by the second method. Here 
two tubes of the same cross section, but of different lengths 
were used. One was inserted in each coil of«a ditferefitial gal- 
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va nometer, a resistance box being included in the circuit of the 
shorter tube. The electrodes' were platinum discs as before, but 
the ratio of their area to the cross section of the tubes was four 
times as great, for it was necessary to take advantage as much 
as possible of this means of diminishing the polarisation. The 
electrodes being of the same size, and the resistance being made 
equal in the two circuits, the polarisation would also be equal, 
and would therefore be eliminated. The resistance in the box 
corresponding to the null heading of thy galvanometer would be 
equal to the difference of the resistances of the tubes. Both 
tubes were in the same waterbath, and when both were coa- 
gulated, the circuits would still be balanced, if coagulation 
causes no change in the resistance. 

For the proper carrying oat of the method, the two coils of 
the galvanometer must have the same resistance, and be so 
adjusted that the same "current divided between them produces 
no deflection. If the coils are movable, as in the Wiedemann 
galvanometer, it is easy to adjust them. If they are fixed, 
probably the best mode of adjustment is to shunt the one which 
affects the mirror most, with a high resistance box till equality 
is obtained, always keeping the resistance of the system equal 
to that of the other coil by means of a separate box. 

Experiments 4 and 5 are examples of a series of readings 
taken at various temperatures before and after coagulation. By 
plotting curves* from such observations it is easy to see that 
there is no discontinuity jit the temperature of coagulation. 
The resistance which has been diminished with increase of 
temperature rapidly at first, then more slowly, goes on diminish- 
ing above the temperature of coagulation, and there is no altera- 
tion in the curvature. 
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Experiment 4. — Egg-albumin. Experiment 5.- — Egg-albumin. 


Tempera- 

ture. 

* 

Resistance. 

Tempera- 
ture. * 

i 

Resistance. 

Before 

Coagulation. 

After 

Coagulation. 

Before 

Coagulation. 

After 

Coagulation. 

11° 

2100 

~ 

ir 

1880 

1890 

1 5° 

1850 


30° 

1270 

1270 

20° 

1070 


v 40° 

1070 

1070 

25° 

1 550 

* 

50° 

935 


30" 

1410 


55° 

8G0 

870 

35° 

1310 

.1300 

G0° 

810 

• 

40° 

i 1200 

1200 

. 05° 

770 


45* 

! 1120 

1115 




f)0° 

I 1030 

1025 

i 

} 



55° ; 

! . ooo 

005 




GO" j 

000 

000 

1 

i 


i 

5 1 

84 5 

852 

*1 




The maximum change here is less than one percent, which is 
still within the limits of error. 

In the myosin solution as before the error is somewhat greater. 
The polarisation is not so completely eliminated as in the albumin 
solutions. 


Experiment G. — Myosin from dog's muscle, 10 per cent NH,C1. 


• 

Ten ipe ra t u re 20 r . 


Resistance before coagulation. 

710 

„ after coagulation. 

J 710 
| 720 

Experiment 7. — Watery extract of dog’s muscle. 

Temperature 20°* 1 . 

j 

Resistance before coagulation. 

1420 

,, after coagulation. 

J 1415 
\ 1420 
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Experiment 8 v — Blood Serum (dog). 


Temperature. 

Rfewistance. 

Before coagulation. 

| After coagulation. 

17° 

3050 

3075 

2 5° 

2700 

2830 

40° 

2330 

2240 

s 

i 

! 

, 21 Of 

1 

2080 


We see therefore that wi thin the limits of errors of observation 
heat-coagulation of proteids produces no change in their resist- 
ance. Arrhenius has found that in a mixture of gelatine and 
salts no change in the rate ’of variation of the 'resistance with 
temperature is caused by the setting of the gelatine. The resist- 
ance of gelatine is therefore probably as great as that of coagu- 
lable proteids, and it is extremely likely that this is true also 
of the other albuminoids. 

The direct method of investigation by comparison of the 
resistance before and after the abstraction of salts leads to the 
same conclusion as the indirect method by coagulation, and is 
of course applicable to any of the animal constituents. 

The resistance of a standard tube of egg-albumin was deter- 
mined. The albumin was then dialysed for a long time, 
concentrated on' a water bath to its original volume, and the 
resistance again measured. It was found, as was to be expected, 
that the resistance increased with the length of time the 
dialysis was allowed to go on, increasing very rapidly in the 
first few hours, but always at a smaller and smaller rate as 
time went on. A dialysis of 48 hours has been found to increase 
the resistance eight to tenfold, and this although, as is now 
well known, it is impossible to obtain albumin entirely free 
from salts by dialysis. Experiment 1) gives a comparison of 
the resistance of a specimen of egg-albumin before and after 
dialysis, with that of a ’75 per cent solution of sodium chloride, 
all the measurements being made at the same temperature 

(12°C.).‘ \ 
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Experiment 9. 

809 
i ) 952 
933 


Before dialysis. 

After 30 hours’ dialysis. 
’7, r ) per cent NaCl. 


Experiment 10. — A 2 0 pej* cent solution of commercial 
peptone had a resistance of 17 times that of a 2*0 per cent 
solution of sodium chloride. But it was not pu];e. It con- 
tained hemialbumo.se, But what is more important it was 
found to contain a trace of inorganic material, so that the 
resistance of pure peptone would be still greater. Peptone is 
therefore an exception, to the genefai rule that easily diffusible 
substances conduct well, thus following its proteid affinities. 

Experiment 1 1. — Rabbit's muscle was minced finely. One part 
was heated to 80 r to coagulate the proteids, and the amount of ash 
in it was determined. The resistance of another portion which 
had been heated to 80° to diminish the polarisation as much as 
possible, was measured at 15°. It was then exhausted repeatedly 
with distilled water, and its resistance again determined at 15°. 
Finally a portion of the exhausted muscle was incinerated, 
and the ash weighed. The amount of ash was found to-4»e 
originally about I I per cent of the moist muscle, or 4*9 per 
cent of the total solids. The resistance of a standard tube of the 
muscle was 2 GOO dims. After exhaustion with water the resistance 
was 12700 ohms, that is to say, the loss of the salt had increased 
the resistance fivefold. But this was not all. 1 1 was found that 
the exhausted muscle still contained ash to the amount of nearly 
1 per cent of its total solids, or about *2 per cent of the moist* 
muscle. Keeping to whole numbers we see that a muscle with 
one-fifth of its salts has a resistance five times as great as if it 
had the whole of its salts. Now Koldrausch has shown that in 
dilute solutions the resistance varies inversely as the per- 
centage amount of the electrolyte. Muscle therefore behaves 
like a solution of its salts. Of course this statement is onlv 
approximately correct. It is only approximately coitect even 
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when polarisation is eliminated; and the living muscle has the 
capacity for taking on internal polarisation, which is impossible 
in a simple saline solution. f 

Experiment 12. — Rabbi t/s muscle was minced, and steeped in 
20 times its bulk of distilled water for 72 hours, then washed 
with distilled water on a filter. Its resistance was compared 
with that of a *5 per cent solution of sodium chloride, and the 
ratio between the two was fou;id to be GO to 17. This would 
correspond to the resistance of a solution of common salt 
containing about *15 per cent. The amount of ash in a portion of 
the residue was found to be *23 per cent 'of the moist muscle (* 1 per 
cent soluble in water, *13 per cent insoluble). The soluble ash 
was dissolved in water and the solution made up to the volume 
required to fill the standard tube which had been used in the 
experiment. Its resistance was found to be nearly equal to that 
of a *07 per cent solution of common salt. We shall probably, 
therefore, be not far wrong if we assume that the specific 
resistance of the muscle minus its soluble constituents is less 
than that of a *08 per cent solution of common salt. Since there 
is still inorganic matter in this residue, to the extent of 13 per 
cent, the insoluble proteids cannot contribute much to the 
conductivity of muscle. 

- Ranke stated that boiling diminished the resistance of living 
muscle. Hermann, who afterwards discovered the enormous 
polarisability of muscle for transverse currents, conjectured that 
Ranke’s result must have been due to the removal of this 
polarisability by the boiling, as lie could find no marked 
difference of resistance for longitudinal currents between the 
living muscle and the muscle coagulated by beat. There seems 
no doubt that Hermann is right, and that Ranke’s apparent 
change of resistance in heat rigor is due to a change in polari- 
sability. I have not been able, any more than Hermann, to 
eliminate polarisation altogether for transverse currents, but the 
greater the speed of the interruptor the less was the difference 
between the cross resistance or the mixed cross and longitudinal 
resistance of the living and the heat-coagulated muscle. 

Boiling undoubtedly does not diminish the true resistance. 
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On the contrary, it increases it by # removing the salts. Rabbit's 
muscle, after being boiled in distilled w/iter for 45 minutes, was 
found to have its resistance increased in the proportion of 13 to 
22, and, after a repetition of the boilijig with fresh water, the 
resistance rose to three times that of the original muscle, 
although the residue still contained nearly thirty per cent of 
the original ash. 

Du Bois-Roymond showed h/ng ago that in rigor mortis the 
resistance of muscle is apparently diminished. The observation 
certainly requires to be repeated with precautions for having 
the temperature throughout the muscle the same for the two 
resistance measurements, and especially with arrangements for 
eliminating polarisation. Otherwise since rigor diminishes the 
polarisability, the apparent resistance would be diminished even 
if the real resistance remained unaltered. The rise of tempera- 
ture, so far as it goes, would act in the same direction. It is 
likely enough, however, that the true resistance may be 
changed in rUjor mar! is although it is unchanged by rapid heat 
rigor. For in the former the substances # which cause the acid 
reaction are probably good conductors, and they are not likely 
developed at the expense of conductors equally good. 

We see then that the conductivity of the salts is very great 
compared with that of the protects of the tissues. But there 
are other substances of simpler composition than protects, and 
many of them crystalline, the*organio substaife.es such as urea, 
uric acid, creatin, xanthin, lecithin, the fatty acids, and the 
carbohydrates, and we have to enquire what share they are 
likely to take in the electrolysis of an animal tissue or an 
animal liquid. At the outset it may be said that in general 
they are poor conductors, notwithstanding their comparative 
simplicity of •formula, the rapid dilfusibility of some of them, 
and their power of crystallisation. 

A 2 6 per cent solution* of grape sugar I found to have a 
resistance 142 times as great as that of a 2*6 per cent solution 
of sodium chloride. Cane sugar is a worse conductor even 
than grape sugar. Whether it be that there is a greater chance 
of slight saline impurities in the latter tljai^in t^ie former I do 
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not know. But I found *a 2*6 per cent solution of cane sugar to 
have no less a resistance than 905 times that of a similar 
solution of common salt. A starch' solution has a resistance 
very much greater than that of cane sugar, and presumably 
glycogen is not a better conductor when it is pure. Of course 
the question arises here whether the starch or the glycogen can 
be got into true solution. I found a starch paste so bad a 
conductor that with an E. M. of 50 volts and electrodes of 
50 square centimetres area ht a distaiice 0 of 3 centimetres, only 
a few bubbles were produced at the electrodes. 

The carbohydrates may therefore be left out of account. 
The nitrogenous crystalloids like urea and uric acid, although 
better conductors than the carbohydrates, are far inferior 
to the inorganic salts. A 1* per cent solution* of urea has, 
roughly speaking, a resistance twenty times as great as that of 
a 1 per cent solution of common salt; so that even in urine, 
which is so rich in urea, by far the greater part of the current 
will be carried by the salts. 

Animal fats arc exceedingly bad conductors. A piece of beef 
fat bad such an enormous resistance that I had not the means 
of measuring it, and this, although the electrodes and the ends 
of the prism of fat were moistened with salt solution. Adipose 
tissue in the living animal is in quite a di Horen t position. It 
conducts by means of its blood vessels, its connective tissue and 
its fluids, which are continuous with those of the strata above 
and below it. 

We may take it as proved that in artificial mixtures of pro- 
teids, inorganic salts, and nitrogenous extractives, in solution in 
such proportions as they are found in the fluids of the animal 
body, by far the greatest part of the current passes by decompo- 
sition of the inorganic substances. In other wards, so fir as 
the direct effect of the current is concerned, electrolysis of such 
solutions is practically equivalent' to electrolysis of the salts 
contained in them. The direct decomposition of the other con- 
stituents is at any rate so small, that, if not insignificant in itself, 
it is of little consequence when compared with the secondary 
and indirect 'effects of the products of electrolysis of the salts. 
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For physiological liquids, such as blood* plasma, lymph, cerebro- 
spinal fluid, the digestive juices, bile and urine; for pathological 
transudations such as ascitfc fluid, hydrocele fluid, and pericar- 
dial fluid; for pus or at any rate for the plasma of pus, we need 
have no hesitation in extending the results gained with similar 
liquids outside the body to the case where these fluids form 
part of a heterogeneous circuit inside the body, and a fortiori to 
the case where they are directly tapped by the electrodes. 

But the electrolysis pf a phy4icalfy heterogeneous tissue is a 
more complex subject than the electrolysis of a physically 
homogeneous liquid. Take a muscle, for example? No doubt 
its cells are bathed with blood ‘and lymph, and these liquids 
inside the mtiscle, so far as they are continuous, will conduct as 
they would outside the body. Bvsfc when we take the/nuscle as 
a whole we have no longer the simplicity of physical homo- 
geneity. The phenomena of internal polarisation appear; the 
ions are shed out upon a. multitude of secondary electrodes 
within the substance of the tissue; and this polarisation, com- 
bined as it may be with secondary transition resistances, may 
cause a distribution of the current which does not correspond 
to the resistances of the constituents taken separately. But 
whatever the real significance of this internal polarisation may 
be (its amount seems too great for a polarisation at the bounda- 
ries of dissimilar electrolytes), its existence is a confirmation of 
the view arrived at from other* evidence, that by far the greatest 
part of the conductivity in the tissues is electrolytic. For it 
points to abrupt changes of potential within the muscle, and 
therefore indirectly to abrupt changes of conductivity. 

The proteid constituents of the tissues then are only to a 
small extent, if at all, affected by the direct electrolytic action 
of the current * But we know that the most profound changes, 
immediate or ultimate, may be wrought in a normal tissue such 
as frog's muscle, or in a Vascular tumour like a naevus or 
a goitre by a single application of a not very powerful current. 
(See an interesting address by John Duncan, Brit. Med. Jour. 
Nov. 3rd, 1888 ). How are these changes brought about ? 
Considering only the “physico-chelnieal acUon of the current, 
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we may say that there are three possible ways in which it can 
produce its effects; (1) by the action of the products of electro- 
lysis given off at the electrodes, or in the mass of the tissue if 
there is internal polarisation; (2) by the removal of salts from 
the tissue by decomposition; (3) by cataphoric action; and (4) 
by raising the temperature of the part. We shall consider 
these possible modes of action in order, citing the experimental 
evidence which hears upon eaqh. 

s. 1 

(1) The action of the products of electrolysis of the salts . 

It has of course long been known thht when an animal solid 
or liquid is electrolysed substances ot acid reaction appear at 
the anode and substances of alkaline reaction at the cathode. 
The greatest part of the alkali probabty consists* of sodium and 
potassium hydrate. Bubbles of hydrogen gas are given off owing 
to the decomposition of the water by tbe cathions. At the 
anode acids are formed by the action of the anions on water and 
gas is given off in most cases. It consists chiefly of oxygen, but 
chlorine is always present as well. 

In order to ascertain the kind of action which these electro- 
lytic products may have, I made a series of experiments, 
partly on liquids (blood and bile) containing a pigment the 
changes in which could he readily observed, partly on proton! 
solutions and on isolated tissues. 

Electrolysis of -blood. More than a quarter of a century ago 
llollett observed that discharges from a Leyden jar caused deti- 
brinated blood to become transparent, the haemoglobin coming 
out of the corpuscles and going into solution. ( Wien. Sitzwngs- 
ber., XLVI., 1802). He stated that the constant current and 
•Induction shocks of small electromotive force did not have this 
effect. ( Ibid ., 18G3.) Neumann found, however, that ultimately 
induction shocks caused the same change as the Leyden jar 
discharge. He explained it as dud to the action of ozone pro- 
duced by the discharge. Rollett ( Ibid 18G4, 18G5) and Schmidt 
(Virchow's Archiv , 1804, p. 1) investigated the action of the 
voltaic current, the former giving a minute description of the 
microscopic changes. Sell malt again u%ed the theory of the- 
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production of ozone to explain the effects. # RolIett in a later 
publication (Hermann’s Ilcmdlfuch der Physiologic) pu ts 
forward the view that haemoglobin acts the ]>art of a weak 
acid in electrolysis, and is actually carried as anion to the 
positive electrode. Schmidt found that when dog’s or horse’s 
blood was electrolysed, a layer of material in which masses of 
haemoglobin crystals were embedded collected on the positive 
electrode. In dogs blood he found that the formation, of the 
crystals began in less than a mihute after the current was (dosed. 
(Apparently he did not measure the strength of the current, 
but it could not have been a very strong one front his descrip- 
tion.) Rollett found the same phenomenon, and on the strength, 
of this and of Preyer’s discovery that haemoglobin has a slightly 
acid reaction .(Pfi tiger's Archiv , J. p. 405), lie concluded that 
the luemoglobin is carried to the anode without decomposition. 
Whether this is the case we shall sge inter on, but the mere 
fact of the appearance of haemoglobin crystals near the anode 
does not prove anything more than that the conditions there are 
favourable to crystallization of the haemoglobin. We shall be 
in a better position to discuss the cause oT the striking changes 
produced after some of the experiments have been described, 
and to these we now proceed. 

Experiment 13. — A current of 45 milliamperes, 61 milJi- 
amperes per square centimetre of section, was passed through 
defibrinated rabbit’s blood fjpr 3 hours. Tlje electrodes were 
platinum discs, each having an area of 7 square centimetres. 
That the action of the two poles might be separated, one of the 
electrodes (the anode in this experiment) was contained in a 
porous clay pot. This was placed in the vessel containing the 
other electrode, and both vessels were filled with blood to tlfe 
same level. # , 

Very soon after the closing of the current the reaction of the 
blood around the anode, which was alkaline to begin with, 
changed to acid. In an hour the acidity was very 
marked. Around the cathode there was a corresponding 
increase in the alkalinity. There was a .brisk evolution of 
gas at the cathode. At the* anode much • less gas was 
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given off. Schmidt saW no gas given off from the anode. 
This is probably because ho used weaker currents. I have 
always found that some gas is giveii off at the anode, and the 
relative amount increases when the blood is diluted with 
distilled water. At the end of the experiment the whole of the 
blood in the vessel which contains the anode forms a tarry- 
looking mass, which is seen under the microscope to consist 
largely of red blood corpuscles, filtered in shape and some of 
them deprived of haemoglobin, niixed with amorphous yellowish 
pigment. The mass is soluble in distilled water only to a very 
slight extent. After being well washed* with water it is neutral 
or slightly acid to litmus paper. A layer of it pressed between 
two glass slides without the addition of any solvent shews a 
spectrum .with a single well-marked band in the red in the 
position of the acid-htomatin band. When the mass is rubbed 
up with water and filtered, the filtrate has a slight yellowish 
brown tinge. The residue is partially soluble in dilute caustic 
soda and also in dilute acetic acid, and the solution in the 
former gives the spectrum of alkali-haunatiu. A solution 
which is not strong enough to shew this spectrum gives never- 
theless a splendid spectrum of hannocbromogen on the addition 
of a. drop or two of ammonium sulphide. The acetic acid 
solution gives the spectrum of acid-hoematin. 

At the negative electrode there is no mass deposited. The 
blood becomes laky, the lucmoglobin going into solution. It 
may be turbid from the presence of a brown amorphous 
material, which is filtered off with difficulty. The filtrate, when 
the electrolysis has not gone very far, shows the spectrum of 
oxy haemoglobin. After the current has been passed for some 
time the band of alkali-haunatin appears at D , the oxy haemo- 
globin bands still persisting. The addition of a drop or two of 
ammonium sulphide very rapidly changes the spectrum to that 
of hxnnochromogen. If the liquid /instead of being filtered, is 
cleared up by the addition of a drop of ammonia, the same 
spectrum is seen as in the filtered liquid. On neutralising with 
dilute acetic acid* there is a copious precipitate, which is 
soluble in,, excess of the acid, giving the spectrum of acid 
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haematin. When the alkaline liquid is boiled there is some 
coagulation. This is increased by acidifying with dilute acetic 
acid. # ' 

Experiment 14.— When blood diluted with its own volume 
of distilled water was electrolysed by a current of 250 milli- 
ainperes for 30 minutes in an apparatus in which the electrodes 
were separated by a partition of animal membrane, a thick layer 
of luematin was deposited on the surface of the membrane next 
the anode. The reaction of tlAs was neutral to litmus paper'. 
The liquid in the anodic compartment was acid, and gave the 
spectrum of acid-lnematin. The liquid in the cathodic com- 
partment was turbid from the presence of flakes of luematin. 
When filtered, it showed a spectrum with the two oxy-hamio- 
globin bands, and the band of alkali-hamiatin over FJ. There 
was a thin layer of almost colourless material on the anode, 
which behaved like a coagulated pro to id. The liquid in the 
anodic compartment contained no coagulable proteid, while that 
in the cathodic compartment gave a considerable coagulum on 
heating, which was increased on acidulation with dilute acetic 
acid. Mctlncniogh >bi n apj >ears at the anode before acid-1 uematin. 1 

We see from these experiments that at the positive pole the 
Haemoglobin is acted upon, one of the products being acid 
hacmatin. In all probability the globulin constituent is^ de- 
posited on the anode in the coagulated form. Hart of it may be 
changed into acid albumin. The proteids of the plasma undergo 
similar changes. At the cathode the action is not so marked. 
Part of the oxyluutnoglobin is certainly changed into alkali- 
hamiatin, but some of it, in many experiments, remains un- 
altered. ^There is no coagulation of proteid substances. Part of 
the proteids passes into alkali-albumin, part remains unchanged* 

We must now consider how these changes are brought about. 

1 When the electrolysis ia done slowly with a weak current in a largo IJ-tubo or in 
a couple of pn rallel-sided glass troughs coi neoted by an inverted U-tube filled with 
diluted blood, a stage may he found wher at the anode methremoglobin and oxy- 
hemoglobin are apparently alone present, and ammonium sulphide gives the spectrum 
of reduced haemoglobin. Later on the oxyhmmoglobin bands disappear, and 
inothaunoglobin and aeid-hjematm seem to 1. e j>resent together. Ammonium sulphide 
then gives the band of reduced hauuoglobi along with the buimochromogen bands. 
The oxyhamioglobin bauds may spring out for an instant* on the addition of the 
am m oi j ium sulph idc . 
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In particular, how is the haemoglobin affected. ? By direct 
electrolysis or by the products of the electrolysis of other bodies ? 

In answering these questions the** first step was to get some 
idea of the conductivity of a pure haemoglobin solution. 

It was besides of considerable theoretical interest to determine 
the resistance of a crystalline colloid, as it is so difficult to separate 
ordinary colloids from crystalloid impurities. It was scarcely to 
be expected that haemoglobin should be a good conductor. 

It is a substance which diffuses badly,, its composition is more 
complex even than that of the proteids, which, as we have seen, 
are very bad conductors, and the power "of crystallisation cannot 
prevent cane sugar and many other organic substances from 
acting almost as insulators. The crystals were obtained from 
the blood of the goose, were crystallised and recrystallised 
several times and well washed. The solution was concentrated 
before crystallisation by freezing. A mass of pure ice was formed 
which could be lifted out, leaving nearly all the haemoglobin in 
strong solution behind. This proved a good plan, and seems 
specially adapted for working with substances like lueinoglobin, 
which must be manipulated at a low temperature. A 4 per cent 
solution was found to have a resistance 16 times as great as that 
of a 75 per cent, solution of common salt. Probably the real 
resistance of the haemoglobin was still greater. For after the 
separation of the haemoglobin by heat-coagulation and filtration, 
the resistance of the filtrate, made up to the original volume 
of the solution, was increased only in the proportion of 39 to 27 

On the assumption that in the coagulation of the haemoglobin 
no decomposition occurred which increased or diminished the 
resistance of the filtrate, the true resistance of the haemoglobin 
•<fj 39 

must have been .xlO, i.e. t 52 times that of a 75 per cent 

LZ O 41 

solution of sodium chloride. 

It is doubtful, however, whether the assumption is legitimate, 
for we know that small quantities of formic and butyric acids 
and other substances arc formed when haemoglobin is decom- 
posed in this way. Experiments with other specimens of 
haemoglobin have been nuuld where the 4 resistance of a 4 per 
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cent solution was found to be 15 times .that f of a *75 per cent 
solution of common salt, and 75 'times that of a 4 per cent 
solution. In any case the 'jesistancc is fery high, so high that 
the distilled water used for making the solution, unless specially 
prepared with elaborate precautions against impurities, may 
itsell conduct a sensible proportion of the current. This renders 
it very improbable that haemoglobin is carried undecomposed 
to the positive pole as Kollett suggested, and that the crystals 
which Schmidt saw gathering in the coaguhun on the anode 
were due to such a heaping up of the haemoglobin. Experi- 
ments to be afterwards described shew that there is* no electro- 
lytic transfer of this kind in haemoglobin solutions, but that 
the changes produced in the pigment are due to secondary actions. 

If we take the conductivity of blood as about equal, to that 
of a *75 per cent solution of sodium chloride, that of the 
luemoglobin in the blood, (9 per cent* say), if it were in the 
same state as regards conductivity as in pure aqueous solution, 
would not probably be at most more than a tenth of the whole. 
Now taking the electro-chemical equivalent of chlorine as 00353, 
with a current of 100 milliamperes the* amount of chlorine 
evolved at the positive pole in the electrolysis of a chloride 
Would be *0000353 gramme per second, or *00211 'gramme per 
minute. Let us assume now that in the blood the current is 
divided according to the conductivity of the various constituents, 
an assumption which would m>t lead us far astray if the blood 
were physically homogeneous, i.e* if the constituents of the 
corpuscles, instead of being concentrated in circumscribed 
systems suspended in a liquid of uniform composition, were 
distributed uniformly through the plasma. With a total current 
of 100 milliamperes not more than 10 milliamperes would 
he carried by Jhe haemoglobin, a current which would suffice 
to separate only 000211 gramme of chlorine per minute from 
a chloride. Now there are 'about 9 grammes of haemoglobin 
in 100 c.e. of blood. If the electro-chemical equivalent of 
haemoglobin was no greater than that of chlorine, a current of 
100 milliamperes would require something like 30 days to 
directly electrolyse the haemoglobin of 100 c.e. of bloojl. But a 
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two to four hours’ ‘electrolysis of 100 c.e. of blood with a current 
of this strenth is suflicient n6t only to bring all the haemoglobin 
out of the corpuscles but also to effect further profound changes. 
It may be said that the electro-chemical equivalent of haemo- 
globin, if it can really act as an ion, is probably very much 
greater than that of chlorine, and that the direct action of even 
a feeble current is adequate to the transference of large 
quantities of it to the positive pole. The following experi- 
ments shew, however, that *»therto is nonsuch transference, and 
that when arrangements are made to prevent the secondary 
actions at the electrodes, the haemoglobin is not affected at ail 
by the current. 

Experiment 15. — A glass U-tubc was partly filled with a 
3*4 per epnt solution of oxy haemoglobin. Ordinary tap water 
was carefully introduced above this in each limb of the tube, 
and remained ini mixed with the haemoglobin. The platinum 
electrodes dipped into the water, but did not extend so far down 
as the top of the haemoglobin solution. A current from a 
battery of 7 Leclanche cells was passed for an hour and a 
half. Its strength was only a fraction of a milliampere. No 
change whatever took place in the distribution of the haemo- 
globin. At neither electrode did the water become tinged, nor 
did^the spectrum of the solution show any alteration. 

That this was not due to the feebleness of the current is 
shewn by the following experiment. 

Experiment 16. — The srime IJ-tube was filled with the 
haemoglobin solution, the electrodes dipping directly into it. A 
current from the same battery was passed through it. The 
current was again only a fraction of a milliampere, too small to 
he accurately read. It could not differ much in strength from 
that used in the previous experiment, for the resistance of the 
tap water was not very different from that of the haemoglobin 
solution. Nevertheless, in 70 minuV.es the liquid in the upper 
third of the anodic limb around the electrode was almost 
completely decolourised, ami a layer immediately below this 
was distinctly more dilute than the original solution, had a 
brownish i.in£e, and shewed* a spectriufi with a well-marked 
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band in the red, besides the two oxyluemoglobin bands. Flakes 
of brown material, which was afterwards* found to be hsematin, 
had fallen down from the liquid in the anodic limb, and 
remained in the bend of the tube. In the cathodic limb no- 
change could be observed either in the spectrum or in the 
strength of the solution. Bubbles of gas were still being given 
off at botli electrodes, especially at the cathode. The reaction, 
which before the electrolysis was faintly alkaline, was now 
decidedly acid at the an (Ale and alkaline at the cathode. 

In two hours more, the whole of the anodic limb was de- 
colourised, and the bend of the tube was filled with whitish 
brown Hakes. There was no change in the cathodic 
limb. The changes at the anode must be due to the 
action of the electrolytic products; and the relatively small 
quantity of gas given off shews that cither the primary products 
are prevented from decomposing the water by the presence of 
some other substance which is attacked by preference, or that 
the nascent oxygen is itself seized upon by such a substance. 
This substance can be no other than the hemoglobin. Experi- 
ments 17 and 18 complete the proof, for they shew that even 
when one electrode dips direct^ into the haemoglobin solu- 
tion, the other being in clear water, there is no trace of any 
transference. ~ 

Experiment 17. — TheU-tube was filled with the haemoglobin 
solution, except the upper part of tbp cathodic limb which had 
tap water in it. The cathode did not reach the solution. 
Everything proceeded just as before in the anodic limb. The 
water around the cathode did not take lip the slightest tinge of 
colour. Accordingly, none of the pigment is transferred to Lhe^ 
cathode. 

Experiment 18,' — The IJ-tube was filled with the solution, ex- 
cept the upper part of the anodip limb, which contained water. No 
change in the pigment took place in any part of the tube. 
Accordingly, none of the pigment is transferred to the anode. 

We conclude, therefore, that the hojinoglobin is only affected 
by the products of electrolysis whuff appear at the anode, and 
is not directly affected ' by the current. The? secondary action at 
K 
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the anode is always miYch greater than at the cathode, and with 
weak currents there may be no recognisable change at the latter 
except the increase of alkalinity. ‘For this reason, the effect of 
the cathode was much less marked with the haemoglobin solu- 
tions than with blood; a given electromotive force producing of 
course a much stronger current through blood containing all its 
salts than through the haemoglobin solution with only acci- 
dental traces of them. When sodium chloride was added to the 
haemoglobin solution till* its Conductivity was equal to that of 
blood, there was no observable difference in the nature and 
amount of the spectral changes, but the anode was always 
more powerful than the cathode. 

How are we now to figure to ourselves the mechanism of 
these extraordinary polar effects? Does the electrolysis simply 
place at the electrodes free acids and alkalies, which then act 
upon the haemoglobin as acids and alkalies of the same strength 
and kind would, if introduced, from without ? This is a question 
which Schmidt asked with reference to the solution of the 
corpuscles and the liberation of the hminoglobhi from them in 
the electrolysis of blood. He thought it incredible that the 
comparatively small amount of alkali set free at the negative 
electrode could effect, such a change, and explained the solution 
-4*>th there and at the anode as due to the action of ozone. What 
share ozone may or can take in the process I know not. It is 
credible that o^one, produced iti the electrolysis of blood, after 
causing the hannoglobin to pass out of the corpuscles, should 
break it up, and that the other electrolytic .products should 
change it into add-hamiatin at the anode, into alkali-lucmatin 
at the cathode. But it is scarcely credible that ozoqo produced 
4 in the electrolysis of egg-albumin or of myosin should coagulate 
some of it upon the anode, change some of*' it' there into acid- 
albumin, arid cause the formation of a great quantity of alkali- 
albumin at the cathode, and that all through those electrolytic 
operations on tissues and individual constituents of tissues, two 
opposite kinds of effects should he produced by a single chemical 
agent. Ye£ when the process is watched simultaneously in blood 
and iff arfdieia? protoid solutions and the two kinds of 
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changes are seen to advance in cagh with equal step, —at the 
cathode gradually increasing alkalinity# with solution of the 
corpuscles and formation of* alkali-haunatin in blood, gradually 
increasing alkalinity with the formation of alkali-albumin in 
simple albuminous solutions: at the anode, growing acidity 
with coagulation of the corpuscles, and formation of acid- 
hmmatin, growing acidity with coagulation of albumin and 
formation of acid-albumin — it is difficult to resist the conclu- 
sion that in both eases * there is a eausat connection between 
the changes in reaction and the other effects. Tl the alkalies 
arising from the decomposition of the slender stock of salts in 
egg-albumin arc adequate to the task of converting the albumin 
into alkali-albumin, what, is to prevent the alkalies formed in 
the electrolysis of blood from dissolving the red corpuscles ? 

But even if it be granted that the changes in blood are brought 
about by the ordinary products of the electrolysis of the salts, 
it must still be considered whether these products are primary 
or secondary, whether they act in the nascent or in the free state. 

Experiment 19. — A JhO per cent solution of haemoglobin 
was electrolysed in a tJ-tube. As soon as the anodic limb 
was decolourised the clear acid liquid was removed by means 
of a pipette. A few drops of haemoglobin solution were added 
to it; and the spectrum observed. It shewed only the <Tky- 
f Hemoglobin bands of the original solution. In a quarter of an 
hour there was still no acid-luematin Jband. Gradually, however, 
in the course of several hours this baud appeared, the oxy- 
haunoglobin bands disappeared, and the addition of a drop or 
two of ammonium sulphide immediately produced the bands of 
haunoehroriogen. Here, then, we had a solution containing all 
the electrolytic products at the anode, except what had gone off 
as gas, or mightTiaVe been used up in effecting changes in the 
haemoglobin. This solution qnly very gradually affected un- 
altered lueinoglobin, far less rapidly than it is affected when the 
current is passing. Either then it does not contain the most active 
products, or it does not contain them in the most active form. 

It is certain that active oxidation goes on at the positive elec- 
f rode, 'flic absence of gas or its small re!at1v<?gmofmt indicate- 
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that the nascent oxygeh is intercepted by some easily oxidisable 
material. Chlorine, wjiicli is a constant product of the electro- 
lysis of animal tissues, comes off sparingly or not at all when 
blood is electrolysed. Jlut chlorine must be carried as anion, 
since blood contains chlorides. What becomes of it ? We can 
hardly doubt that it acts upon the blood pigment, that it 
oxidises it by decomposing water in its presence or possibly by 
attacking directly its molecular hydrogen. The nascent 
oxygen corresponding to sulplAon and* the other anions which 
re-form their acids at the anode, must be intercepted by some- 
thing which it oxidises; and what can that something be in a 
haemoglobin solution with saline impurities except the hemo- 
globin itself? Weak chlorine water produces at once the 
changes" in hemoglobin Which are caused gradually at the 
anode by the passage of a current. The colour changes to 
yellowish brown, the oxyhemoglobin bands disappear, and the 
spectrum may show no bands at all, or only a band in the 
red to the right of C. The addition of a few drops of ammonium 
sulphide will, however, bring out a well marked hminoeh.ro- 
mogen spectrum. Strong chlorine water will decolourise the 
solution altogether, just as a strong current will do. The 
following experiment is interesting in this connection. 

- “Ux peri MENT 20. — A solution of oxyhmmoglobin was cau- 
tiously reduced by ammonium sulphide, a slight excess of the 
reagent being added. The solution was now electrolysed in the 
IT-tube by a current of half a milliampere. No gas whatever 
was given off at the anode, although with an oxyhmmoglobin 
solution of the same strength a weaker current always caused a 
slight evolution of gas there. In two hours there was no change- 
in the anodic limb, but at the cathode great part of the liquid 
had become of a pale yellow colour. f * . 

This isthe reverse of what happens with a solution of oxy haemo- 
globin. We cannot suppose that it is the electrolysis of the 
ammonium sulphide which causes the difference, for the addition 
of ammonium chloride does not affect the normal process in an 
oxyhmmoglobin solution, except by hastening it. 

The ‘oxidising* agent, nascent oxygen, let us say — Schmidt 
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'would say ozone, and however small the amount of ozone may 
be it will undoubtedly play a part — does not affect the haemo- 
globin round the anode because it is taken up by the ammonium 
sulphide. The liberated acids do not attack the haemoglobin 
because the reaction is kept alkaline. At the cathode the 
absence of the loosely combined oxygen of the oxyhnemoglobin 
appears to condition the ultimate destruction of the blood 
pigment. We may suppose, therefore, that 0 x 3 d] hemoglobin 
is saved from the attack of reducing agents given off at the 
cathode by parting with some of its loosely-combined oxygen, 
and thus preserving its m'olecular oxygen intact. 

Experiment 21. — A trace of ammonium chloride was added 
to an oxy haemoglobin solution. The conductivity was of 
course greatly increased. A current of two mi 11 i amperes caused 
the solution around the anode to become pale yellow in ten 
minutes. Gas came freely off from both electrodes, and a faint 
smell of chlorine could be detected at the anode. The solution 
at the cathode was not at all affected. The only effect of 
the addition of ammonium chloride was # greatly to hasten 
the process which goes on in the simple oxyhemoglobin solution. 
Gas appears at the anode apparently' because the increased con- 
ductivity causes a much stronger current for the same 
and there is not haemoglobin enough to be acted upon by all the. 
primary or secondary electrolytic products, some of which must 
come off as mis. When the current is reduced to tl*e strength which 
it had before the addition of ammonium chloride, everything goes 
on practically in the same way as in the simple hemoglobin 
solution. Therefore ammonium sulphide in the previous experi- 
ment does not alter the action because it is an ammonium salt. 
It is not the ammonia given off at the cathode which produce?? 
the change there, *for with the same current as much will be 
given off from the ammonium sulphide solution as from the 
ammonium chloride one. Bui the presence of free ammonia in 
the solution lias a notable effect. 

Experiment 22. — A trace of dilute ammonia was added to a 
solution of oxyhemoglobin. The spectrum remained that of 
oxyhemoglobin. Electrolysis for two hoyxs*with a very weak 
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current produced Changes similar to those produced in the 
ammonium sulphide solution. The cathodic limb of the tube 
was almost decolourised, the anodic scmaining unchanged. But 
gas was given off freely at both electrodes. The presence of 
free alkali seems therefore to protect the haemoglobin from the 
action of the products given off at the anode, presumably by 
uniting with the anions. The reaction was still alkaline at the 
end of the experiment in the whole tube. 1 

Experiment 2*>. — An oxyhminoglobip solution was made acid 
with acetic acid. It was electrolysed for an hour by a current 
of 2 milliampores. Gas was given off ‘at both electrodes. The 
anodic limb shewed a distinct change in the strength of the 
solution, while there was no change elsewhere/ We cannot 
conclude* from this that the* change in the oxy haemoglobin at 
the anode is favoured by an acid, and checked by an alkaline 
reaction. For the spectrum shewed that acid-hannatin was 
present; and that more than the reaction is concerned is seen 
from the following experiment. 

Experiment 24. — -A. solution of haemoglobin reduced by car- 
bonic acid gas was electrolysed by a current of half a milli- 
ampere. The reaction was decidedly acid and the spectrum 
shewed a well-marked aeid-lueinatin band in tin? red, along with, 
.the -band of reduced hamioglobin. A great deal of gas was given 
off at the anode, apparently as much as at the cathode. At the 
latter it did not go off freely, but collected in bubbles outlie 
electrode or in a precipitate which formed on it. In an hour the 
cathodic limb was decolourised to the level of the lower edge of 
the electrode, which was covered by a brown deposit. The re- 
action was faintly acid at the cathode, approaching neutrality. 
The current was now reversed, and now the solution in the 
former anodic limb was affected in exactly the s;\me way as the 
cathodic limb had been affected before — and that although the 
reaction remained acid till the end. 

The prof elds of the serum and the stroma of the corpuscles 
undergo changes which are difficult to follow in entire blood. 

1 When a trace of ammonia is added to diluted blood in the cathodic limb only of 
the U -tube the Mood in the anodic* limb is no longer protected. If ammonia is 
nddedonly to the «Hnodio»lmVb it is protected. 



ON ELECTROLYSIS OF ANIMAL TISSUES. 


151 


At the anode undoubtedly part of the proteids of the serum is 
coagulated and helps, with masses of altered corpuscles, to form 
that layer on the electrode winch is so conspicuous a result of 
the process; but another part passes into the state of acid- 
albumin. The stroma of the corpuscles goes into solution at 
the cathode, forming presumably alkali -album in. As to the 
globulin element of the hemoglobin, some of it is certainly 
precipitated about the anode in a coagulated form. Whether 
any of it is changed into, acid-album hi 1 cannot say. It is to- 
be expected that some of it may undergo this change; for in. 
dilute solutions of haemoglobin the alterations in tlie pigment 
may be completed without any precipitation at the anode. 

Experiment 2a. — -The serum of horse’s blood, obtained by 
allowing the corpuscles to subside •.after the .addition «of leech 
extract, was electrolysed by a current of 20 milliamperes mean 
strength, or 3 milliamperes per square centimetre of section. M uch 
gas was given off at the anode as well as at the cathode. Serum 
differs in this respect from blood, as was pointed out [>y Schmidt. 
Undoubtedly the absence of hamioglobin from the serum is the 
cause of the difference ; and it shows how readily haemoglobin 
is acted upon by the anions, themselves or by the oxygen 
produced by their action upon water. We have already shewn 
that under certain conditions hannoglobin or its derivatives^ 
may be present, and yet bo shielded from the action of the 
electrolytic products. After an electrolysis o£ only MO minutes 
a large proportion of the pro te ids of the serum in the anodic 
compartment was found in the form of acid-album in, the 
reaction being acid. There was a small eoagulum on the anode, 
filled with bubbles of mis and smelling of chlorine. It was 
completely soluble in dilute caustic soda in the cold, much ga*> 
coming off asjNdi^tion went on. It was not at all soluble in 
acetic acid. Some eoagulable material still remained in solution. 
In the negative compartment there was a considerable amount 
of neutralisation precipitate, but still more of the proteids 
remained in a eoagulable form. As usual the reaction was 
strongly alkaline, and there was no deposit oft the cathode. 

The proteids of the* serum, as # we sljall see Jatei* on, are 
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affected in the samb way, as the proteidsin the simpler solutions, 
such as egg-albumin, or mybsin dissolved in sodium chloride. 
It may be, however, that in entire blood the presence of haemo- 
globin, which is so readily attacked by the products of electro- 
lysis, may to some extent shield the proteids, and lessen the 
amount of change produced in them by a given current, but the 
kind of change it does not seem to affect. 

The electrolysis of blood naturally stands first in a systematic 
investigation of the electrolysis pf animal tissues, for blood and 
the parenchymatous juices form part of every circuit which 
includes an* animal body. Of the solid tissues, muscle, on 
account of its wide distribution and the immense share of the 
current which must pass by it in every deep electrolysis, claims 
the first pja.ee. But before we, take it up it will fyc well to place 
here immediately after blood an account of experiments on two 
protoid-free animal liquids, bile and urine. Taken by them- 
selves, these are of no importance whatever, but they supply 
evidence of the modus operamli of electrolysis which is of 
interest in connection with the changes which have been 
described in blood, and those which are about to be described in 
muscle. 

Electrolysis of Bile. 

Thjft effect on the pigments is very striking, and reminds one 
of the electrolysis of blood. The oxidising action of the anode 
is well marked, bibrubin being oxidised first to biliverdin, and 
beyond this, with a strong* current, to colourless or almost 
colourless products. The biliverdin can be again reduced to 
bilirubin by reversing the current, and thus exposing it to the 
action of the cathode. When this action is allowed to go 
farther the bilirubin may be changed into a yellow pigment. 

The mucin is precipitated on the anode by „ the liberated 
acids. Around the cathode it is partly changed into alkali- 
albumin. Again we see that the action is a secondary 
action. It is just possible that the bilirubin may to a 
small extent conduct the current, for it forms combinations 
with bases, and is of comparatively simple composition. Its 
chloroform solution is not a 4 good conductor. The bile salts 
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conduct better than, any of the other .nitrogenous metabolites 
which I have examined. A 2*3 pdr cent solution of mixed bile 
salts had a resistance less tjian twice tlfat of a 5 per cent solu- 
tion of common salt. It contained ‘25 per cent of ash. A 
volatile alkali in minute traces was given off at the cathode 
when bile was electrolysed. Possibly this came from decompo- 
sition of the bile acids. The comparatively high conductivity 
of bile points to the same conclusion. (For a more detailed 
account see paper on ‘‘The effect of electrolysis and of putre- 
faction on the bile, and particularly on the bile pigments,” 
p. 178). 

Electrolysis of Urine. 

Experiment 2(1. — A current of 10 lnilliampcres per square cen- 
timetre of section was passed through fresh urine for 50 minutes. 
The reaction which was acid at first, became in 7 minutes faintly 
alkaline in the negative compartment ’and strongly acid in the 
positive. At the end of the experiment the colour of the mine 
at the anode was brownish. It looked and smelt just like urine 
to which hydrochloric acid had been added. There was an 
amorphous sediment coloured with the pigment, and consisting 
partly of urates. There were no uric acid crystals. The 
sediment was entirely soluble in dilute alkalies. At the cathode 
the colour of the urine was unchanged. There was a deposit of_ 
beautiful crystals of stellar phosphate mixed with amorphous 
material, the whole being soluble in dilute acetic acid. 

Experiment 27. — For the more exact determination of the 
nature of the precipitates fresh urine was evaporated on the 
water-bath to one-fifth of its volume, and filtered. A current 
of 40 mi lliam peres per square centimetre was passed through 
the filtrate for 85 minutes. The reaction, strongly acid 
at first, was^, found to be alkaline in the negative compart- 
ment in 50 minutes after the closure of the current. Much 
gas was given off at both electrodes. A piece of litmus paper 
held over the cathode was turned blue, and the smell of ammo- 
nia was distinctly perceived, while at the anode chlorine was 
recognised. At the negative pole there was a profuse deposit 
of triple phosphate in the dendritic form ; along with some small 
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coffin-lid crystals and crystals of stellar phosphate. The whole 
deposit was soluble in dilute acetic acid. At the positive elec- 
trode, the change in colour and smell described in the last 
experiment was even better marked. The sediment consisted 
chiefly of brown amorphous masses, with a few brownish 
balls of sodium urate aggregated in groups of two or three, 
or scattered singly through the field. The current was now 
reversed. The reaction of the former cathode gradually became 
less alkaline and finally acid, ai> 1 with the change of reaction 
the deposit of phosphates disappeared, and brown balls of sodium 
urate took their place. Corresponding' changes took place at 
the former anode, the urate disappearing, and amorphous phos- 
phates being thrown down. Even while the reaction is still acid, 
volatile alkali may be given off. In this case the 'layer next the 
electrode is probably neutral or alkaline, which is a hint that at 
the very surface of the electrodes, the secondary actions may 
have an intensity quite out of proportion to the total amount of 
chemical change, considered as uniformly distributed through 
the whole conductor. And, even in what is practically in this 
connection a mixture of inorganic salts, the direct decompo- 
sition may be trilling compared with the indirect effects. 

We come now to muscle. 

~ Electrolysis of Muscle. 

The polar effect*: are here morcwsharply localised than is the 
ease in solutions, for, apart from electric cataphoresis, inter- 
change can go on only by diffusion, and not by convection 
currents. There are four ways in which electrolysis can affect 
in the living body such a tissue as muscle by its chemieo- 
Vbj ■sical action : (1) by the chemical effects of the products 
liberated at the electrodes or in the substance the tissues ; 
(2) by the removal of electrolytes (chiefly inorganic substances) 
which are necessary for the vitality of the tissue, leading to 
i n creased absorption of these elements, and perhaps, in consecju encc, 
to increased activity of general nutrition in the tissue, or, if the 
action he more intense, to diminished vitality, degeneration, or 
death ; (3) by* cataphoresis, leading to increase of the transferred 
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substances around the cathode, diminution •around the anode, 
with the consequent increase of eliminating or absorbing 
activity by which a tissue returns to h&ilthy equilibrium, or to 
any of the results which follow a disturbance of that equili- 
brium beyond the limits of health; (4) by raising the local 
temperature. 

(I) The Chemical Effects of the Liberated Products of 
Electrolysis. 

Experiments 2S — 30. — A culrentMuitially of 35 m ill iam pores, 
5 milliampcres per square centimetre of section, wg.s passed for 
two 1 lours through a glass trough tilled with living frog’s 
muscles. The distance between* the platinum electrodes was 
10 millimetres. The muscles were cut into small pieces so that 
the trough could be easily filled* with them. A saViple was 
kept for control. For 17 minutes the muscle still remained 
excitable. There was a strong smell of chlorine at the anode. 
At the end of the experiment the current had sunk to 5 milli- 
ampercs although the electromotive force was the sasme as at first, 
The muscle consisted of two layers of nearly equal thickness 
marked oft* from each other by a fairly definite line of junction 
parallel to the electrodes. The cathodic layer was strongly 
alkaline throughout its whole depth, and had a brownish tinge. 
The anodic layer was acid. It was almost colourless. 

M icroscopic Appearances^ 

In the anodic layer the most stViking change was the great 
distinctness of the nuclei. Great numbers of them were seen. 
It Avas just as if acetic acid had been allowed to act on the 
muscle. The fibres were everywhere bounded by a sharply 
defined and uninjured sarco lemma, no matter how great the 
change in tbp contents might be. The sarcolemma, which 
resists the action of chemical agents so much, resists also the 
action of electrolysis, a fresh indication that it is the secondary 
chemical changes which are ehieliy concerned, at least in the 
immediate effects of the current. The contents of the fibres 
shewed every gradation of change. In some there was 
complete destruction, the striatioA and ^ even tin! nuclei being 



156 


G. N. STEWART 


gone, and nothing f emaining within the sarcolemma except a 
granular structureless mass. l But this was comparatively rare. 
Many of the fibres shewed no change^n the transverse striation, 
and in fact no change at all except for the prominence of the 
nuclei. In many the transverse situation could still be made 
out, but less clearly than in the normal muscle. The longitudi- 
nal striation, on the other hand, was well marked, and could 
sometimes be seen where the transverse was entirely destroyed. 
These changes were not confined, to the surface next the elec- 
trode, but penetrated through the whole thickness of the anodic 
layer. 

In the cathodic layer there was first a thin stratum next the 
electrode, consisting of clear jelly-like material.' The fibres 
in this layer shewed, for the most part, neither nuclei nor 
transverse striation, but the longitudinal striation was quite 
distinct. The sarcolemma was well marked, and the contents 
were not granular, but nearly homogeneous. A few nuclei were 
seen, but very few. This may be called the region of utter 
destruction. In the rest of the cathodic layer the state of the 
fibres resembled that o? the anodic layer, except that the nuclei 
were not seen. The transverse striation was sometimes un- 
altered, often greatly impaired or destroyed. A few fibres 
shewed only homogeneous contents. It is to be noted that 
destruction of the fibres in the anodic layer rendered the 
contents granular, as if it were a coagulation, while destruction 
in the cathodic layer was associated with a homogeneous 
appearance of the fibres, as if it were due to a solution, of. the 
contents or a chemical alteration other than coagulation. 
Chemical examination confirmed this impression. 

Experiment 31. — Muscle electrolysed as in the last experiment 
was separated into its two layers. After being rubbed up in a mor- 
tar, the portions were extracted for 1 7 hours with water. After the 
watery extract had been filtered off' the residue was washed on 
the filter with water, and afterwards extracted with 10 per cent 
sodium chloride solution for 24* hours. The muscle which had 
not been electrolysed was treated in the same way. The per- 
centage amount, of the various proteid Constituents, reckoned 
on the weight of the moist muscle, was as follows: — 
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From experiment 31 we see that the neutralisation precipi- 
tate, that is to say the^ilkali-albumin, is much increased in the 
cathodic region, while the coagulable proteids soluble in water 
are diminished. There is no reason why they should be pro- 
portionally diminished, for as we shall see, in the electrolysis of 
myosin, as well as in that of albumin, alkali-albumin is formed 
at the cathode. In the anodic region both the watfery extract 
and the sodium chloride extract are much less than in the un- 
electrolysed muscle. The reason of this is that albumin and 
globulin arc coagulated by the products given off at the anode, 
only a comparatively small amount of acid albmninrboing formed. 
The microscopic appearance has already ded us to suspect this. 

Experiment 32 shews the effect of a very strong current. The 
neutralisation precipitate in the cathodic portion is increased 
nearly fourfold ; in the anodic region it is more than doubled. 
In both the coagulable material of the watery extract is much- 
diminished. In the anodic region it has shrunk to less than a 
third of the normal. Why is the neutralisation precipitate 
greater in proportion to that in the cathodic region with the 
stronger currents ? The reason, probably, is that the myosin, 
coagulated by very dilute acid, is dissolved by the stronger 
acids. 

Experiment 32. — Ox beef. Current of 80 milliamperes per 
square centimetre passed for 30 minutes. Extracted with water 
for 48 horn’s. 
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Before we proceed farther witli the experiments on muscle, 
it will be well to detail some' observations on the electrolysis ol 
albumin and myosin in simple solutions, tor this will help us in 
the analysis of the more complex process. 

Electrolysis of (njy-allnunin. 

Experiment 33. — A current of 14 milliamperes (2 milli- 
am pores per sepia re centimetre of set -lion) was passed for an hour 
through undiluted egg-albumin. ; Thorcqwas a distinct odour ot 
chlorine at the anode, and this was retained for hours alter 
the completion of the electrolysis. The reaction, which was 
faintly alkaline at first, was now strongly acid at the positive, 
strongly alkaline at the negative electrode. Som'e coagulated 
albumin bad gathered on the anode. The faint yellow tinge of 
the original solution had disappeared completely in the anodic 
compartment. The liquid yielded a large neutralisation precipi- 
tate, which had all the characters of acid albumin. When this 
was filtered off, the filtrate still contained a considerable 
quantity of coagulable albumin. When this too was removed, 
only the merest trace of a proteid miction could be obtained from 
the filtrate. 

The liquid in the cathodic compartment contained alkali- 
albumin in large amount, and coagulable albumin. The un- 
electrolysed albumin gave only a very slight neutralisation 
precipitate. 

The results of electrolysis of serum albumin were essentially 
the same as those described. 

Elect roly sis of M yosir. 

Experiment 34. — Rabbits myosin was dissolved out with 
10 per cent solution of common salt. This was "used instead of 
ammonium chloride so as to have a lixed alkali set free at the 
cathode. The solution is of course* a much better conductor 
than any of the liquids or solids ol the animal body. In the 
first experiment a current of 250 milliamperes per square centi- 
metre was sent through the solution. This tremendous current 
caused an Immediate sudden ‘burst of gakes at the electrodes, 
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the smell of chlorine being very string. So much heat was 

developed that the current had to ' be reduced at the end of a 

minute to 100 miUiampt^rcs per square centimetre, as heat 

coagulation seemed imminent. It was kept at this reduced 

strength for two minutes more. Tin? whole of the myosin in 

the positive compartment was found to be coagulated. It 

formed a white mass on the electrode, lying in a thin watery 

liquid. Its reaction was intensely acid. "Before the electrolysis 

the solution was slightly alkaline. .Tim mass was insoluble in 
7 vr * 9 

distilled water and in 10 per cent sodium chloride. It swelled 
up and became clear in oacotic acid, but did not dissolve in the 
cold, and dissolved only to a smR.ll extent on heating. It was 
partly soluble in dilute caustic soda in the cold, and readily and 
completely soluble on beating. ^JYom this solution a, copious 
neutralisation precipitate, soluble in excess of dilute acid, could 
be obtained. The liquid in the anodic compartment gave no 
neutralisation precipitate, only a faint xanthoproteic reaction, 
and a slight turbidity on boiling. 

The contents of the negative compartment were more -fluid 
than at first, and had acquired a brownish tinge and a strongly 
alkaline reaction. There was no coagulum. There was a 
copious precipitate on neutralisation, consisting of alkali- 
albumin. When this was filtered olf, the filtrate gave no 
coagulum on boiling even when acidulated with acetic acid, and 
no precipitate on saturation with sodium chloride. It contained 
only a trace of protects. It is probable that the heat developed 
in this experiment hastened the action, as will he seen from 

Experiment 35.— -A current of 25 milliamperes per square 
■centimetre was passed for 70 minutes through another portion 
of the same solution. Although the reaction before the electro- 
lysis was slightly alkaline, in four minutes it was neutral in 
the positive com part-men t, and in six minutes distinctly acid. 
In eight minutes from the beginning of the experiment the 
anode was covered with a white layer of coagulum smelling of 
chlorine. This layer grew in thickness with the time, just as 
happens in the electrolysis of blood. 

If the amount of eha/nge depended wholly upon the quantity 
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of electricity passed, as it would do if the process were a primary 
electrolytic effect, this current ought to have produced as much 
change in 18 minutes as the stronger current of Experiment 34 did 
during the whole time of its passage. So far was this from being 
the case, that after 70 minutes, the process was still incomplete 
iri the cathodic compartment. There was still much unaltered 
globulin there, although a considerable amount of alkali-albumin 
had been formed, the reaction being strongly alkaline. At the 
anode, the process was almost complete, .nearly the whole of the 
myosin being collected on it as a coagulum possessing the pro- 
perties already described. A small amohnt of acid-albumin was 
in solution, along with a small* quantity of unaltered globulin. 
The reaction was very acid. 

This being the state of affairs, the current was- now reversed 
for 40 minutes. If no " irreversible ” chemical change had been 
wrought by the former Electrolysis on the proteid substance; 
if the myosin molecules had been simply rent from their basic 
mates and transferred unaltered to the anode, as Rollett 
thought might happen to haemoglobin ; if, in a word, secondary 
actions played no part; then it was to be expected that the 
reversal of the current would restore the original state of things. 
The precipitate which we have called a coagulum, would melt 
away from the anode, and the negative electrode would clothe 
itself with a new deposit. Both of these things happened, but 
both happened to adimited extent duly, and under circumstances 
which shewed that here again the changes were due to secondary 
actions. The former cathode did indeed, although the reaction 
of the surrounding liquid continued alkaline, cover itself in 
time with a thin Layer of precipitated myosin. But it was 
astonishing to find that the whole of this layer, even to its 
external surface, and the electrode itself, wei>3 strongly acid. 
Although the liquid which bathed the growing coagulum was 
alkaline, the precipitation only took* place where the reaction 
was acid. Further, it was only the remnant of the myosin left 
unchanged by the previous electrolysis which was deposited on 
the new anode. For in other experiments it was found that if 
the first electrolysis had gone Tar enough to leave no coagulable 
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material in the cathodic compartment, there was no deposit upon 
the new anode when the current wa*s reversed. The alkali- 
albumin could not be precipitated by neutralisation in the 
immediate neighbourhood of the electrode, for fresh acid would 
be constantly formed which would redissolve it. The small 
amount of solution of the deposit on the former anode was 
certainly not a primary effect. It did not commence at once. 
The acid reaction of the electrode had first to be set aside by 
the liberated alkali, and»only towards the close of the second 
electrolysis, when the reaction of the electrode itself, although 
not that of the outer layers of trie mass, was decidedly alkaline, 
did the deposit begin to be eaten ‘away from the inside. This 
was well seen when the experiment was done in a glass 17-tube. 
As we have seen, the deposit is partially soluble in drib to alkali 
in the cold. Its disappearance in the second electrolysis "Iff 
therefore a secondary effect. 

We see now the general way in which the secondary actions 
affect the proteid constituents. The change in the miction may 
itself, apart from actual, chemical decomposition, produce im- 
portant effects on a living tissue, and that not merely in the 
immediate neighbourhood of the electrodes. It may penetrate 
deeply between them. 

The Antiseptic Action of the Current . 

This must be included unde/ the^ secondary* chemical actions, 
for although removal of the salts will certainly tend to starve 
the septic organisms, yet it is mainly on the alteration in 
reaction that the antiseptic influence of the current depends.. 
The antiseptic action of the positive pole, both in preventing* 
sepsis and in removing and restraining an already developed 
sepsis, is far gr.witer than that of the negative. 

Experiment. — A current of 4o milliampores was passed 
through b() c.c. of rabbit's blood for 4 hours. There was no sign 
of putridity in the liquid of the anodic compartment till 10 
days after. That of the negative compartment began to grow 
putrid in 2k days. The reaction was acid* in tjie one and 
alkaline in the other. This is probably onN an jjistanfte of the 
L 
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general rule that acids afe better antiseptics than alkalies. But 
it is worth remembering that ordinary antiseptic precautions 
.although by no means to be neglected when the anode is intro- 
duced into a cavity, are rpuch more necessary when the cathode 
is the internal electrode. 

On some liquids, however, such as bile, the cathode lias a 
distinctly antiseptic effect. Bile containing mucus putrefies 
very quickly. If it be electrolysed, the liquid around the 
■cathode keeps nn decompose*! for* a considerable time. It may 
be that this is due to the action on the mucin, for it is well 
known that if the mucin he precipitated! with alcohol, the bile 
does not decompose even wlieil the alcohol is removed. 

Electrolysis has also a deodorising effect on substances already 
putrid. If putrid bile be electrolysed, not only will the sepsis 
die stopped, but the smell will disappear. An electrolysis for 
an hour with a current of 60 milliamperes removed the smell 
completely from 40 c.c. of very putrid bile. The liquid in the 
cathodic compartment had now the characteristic aromatic 
smell of fresh bile. That around the anode had in addition a 
peculiar tan-yard odour. Where there is no porous septum and 
the products of electrolysis are allowed to mingle freely there is 
less antiseptic action. 

^ <r 

(2) Removal of Electrolytes . 

We have seen that in muscle tile current is carried mainly by 
the salts. There must, therefore, be constant decomposition of 
these, and removal of the products to the electrodes. Though 
diffusion will tend to distribute this loss throughout the whole 
intrapolar region, and partially to restore it by bringing together 
again the separated ions, its effect cannot be very great within 
the limited time of an ordinary electrolysis. In *a? ^excised tissue, 
or in a portion of the intact body in which the circulation is 
stopped or impaired by spasm of the arterioles, for example, or 
by clotting of the blood, or in which the stasis of irritation exists, 
— and it will be seen that there are reasons for supposing that 
even moderate currents can produce such eliccts — there must 
be produced in. a vesy el uni electrolysis a sensible diminution of 
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the salts. And when we consider how entirely essential this 
trifling amount of inorganic matter is .to every tissue, and that 
no current can pass without the decomposition of a correspond- 
ing quantity of it, it will cease to excise surprise that currents 
so weak as are sometimes used in electro-therapeutics should 
produce effects so profound. The primary action of electrolysis 
is concentrated upon constituents of the tissues which do not 
amount to more than one per cenfc of the whole. But that one 
per cent is essential to life. 

If* muscle contained ten times as much salts as it does, the 
electromotive force which produces now a current of 100 milli- 
amperos through it, would produce then eight to ten times as 
much ; but the percentage of change would not be increased, 
there would be no greater disturbance of physiological stability 
than there is now. , 

From what part of the circuit, are the salts removed ? We 
should expect them to be removed in the first instance from the 
neighbourhood of the electrodes. But it is easy to* calculate the 
amount of decomposition which a given- •current must produce 
in a given time, on the hypothesis that all. the electrolytes of 
muscle are replaced by an equivalent of a single salt, say 
potassium chloride. In a minute a current of 100 milliamperes 
would decompose about *0044 gramme of this salt or ‘20 7 
gramme in an hour. Taking one per cent of potassium chloride 
as the u equivalent ” of muscle, thvs would mean that the whole 
of the salt in 2G* grammes would be decomposed in an hour, if 
the current were kept up to its initial strength. The loss must 
therefore soon begin to tell upon the intrapolar region, while 
at the same time it may intensify the secondary actions at the 
poles. That in addition to the effect of the removal of salts 
from the intfapdlar region, electrolysis may exert upon that 
region an influence more alljed to its polar action, seems certain 
from the phenomena of internal polarisation. The removal of 
water by secondary decomposition can scarcely ever be large 
enough to have an appreciable effect. 

Ex r'ttimiKNT Mb. — Ninety-five grammes of rabbit’s muscle 
were minced and electrolysed in a glass* ht>ughf the electrodes 
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being platinum discs equal in area to the section of the trough. 
A current of 350 milliamperes, 35 milliamperes per square 
centimetre, was passed for 30 minute. The amount of watery 
extract and of ash was determined in 40 grammes of the anodic 
half of the muscle, a thin layer next the electrode being first 
removed, in order to avoid, as far as possible, the inclusion of the 
electrolytic products in the ash. The following is the com- 
parison with the unelectrolysed muscle : 


•1 

Watery Extract. 

Ash. 

Anodic portion. 

1 

1*0 per cent. 

•24 per cent. 

Unelectrolysed. 

5-2 „ 

1-3 ■„ 


rp he ash is reduced in a region extending to the middle of the 
intrapolar region to a sixth, and the total watery extract to a 
fifth, of the original amount. Now taking potassium chloride 
again as the “ equivalent ” of the salts of muscle, wo find that a 
current of 350 milliamperes, passing for 30 minutes, would 
decompose about *46 gramme. In the 40 grammes of muscle there 
would be originally, say about *52 gramme of salts; but at the 
end of the electrolysis there are only *090 gramme of ash. *44 
gramme have therefore disappeared from the anodic portion 
alone. But this is too large a proportion of the loss to fall upon 
less than half the muscle ; and we shall see that the whole of 
the salts lost by the anodic region are not decomposed by 
electrolysis, a certain amount being carried towards the cathode 
by electrical endosmose. 

The amount of ash, especially if the whole of the electrolysed 
tissue be taken, may be much greater than the amount of the 
undecomposed salts, for it will include the acid* i^id alkalies sot 
free. In this way the effect of electrolysis may be masked. 

.Experiments 37 and 38 shew that this may happen. 

Experiment 37. — The legs of two frogs were taken, the skin 
stripped off, and the musejes removed. The muscles of the right 
leg of one frog and* the left of the other were stuffed into one of 
the tubes of* skin, the othdr being slit? up to form an outer 
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covering. The other two legs were tyeatecf in the same way. 
They were weighed, and then one'of the tubes was electrolysed 
by a mean current of 20 g mil]iampere*s for MO minutes. The 
total solids and the ash were now determined in each, and 
although no precautions were taken* to prevent some of the 
electrolytic products being removed on the electrodes, the pro- 
portion of ash to solids did not differ, within the limits of error, 
in the two, the ash being in both cases about 4*4 per cent of the 
solids. This was not because the^ii;iount of decomposition was 
too small to be appreciated. For a current of 20 milliamperes 
would in 30 minutes decompose about 026 grammfi of potassium 
chloride, and the whole quantity of ash in the muscle of two 
legs was Oo f gramme. The cause of the equality was of course 
the inclusion of the electrolytic pijjtxlucts in the ash, ojily a small 
amount of the chlorine having escaped. 

.Experiment 38. — Everything was the same as in the preceding 
experiment except that the skin was not included in the de- 
termination of the solids and ash, and it was repeatedly wiped 
during the electrolysis. A distinct difference was now obtained 
between the electrolysed and the unelectrolysed muscle. In 
the former the ash was 5*3 per cent of the solids, and in the 
latter 0*8 per cent. A considerable amount of the electrolytic 
products had therefore been concentrated in and on the skin. 
The original muscle in this experiment was much riche)’ in ash 
tlia.ii that of Experiment 37. * The difference# was fully fifty per 
cent. I do not Jcnow whether such a great difference is often 
found between different samples of frogs. 

It may be asked whether in the living body, when the circu- 
lation is intact, it is possible for electrolysis to produce sensible 
differences in the distribution of the salts. I attempted* to 
answer this question by comparing the effect in the frog when a 
limb is electrolysed, after being ligatured and in the normal 
condition. But a current oY even moderate strength interferes 
so much with the circulation, and the total quantity of ash in 
the soft tissue of a frog's leg is so small, that I hesitate to draw 
any conclusion from the results. The importance of the question 
is no«5 perhaps so great) as might be thought, for* it can rarely 
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happen that the circulation is not affected in a part through 
which a current of considerable density is passing, at least in 
the neighbourhood of an -electrode. 

° ft 

Experiment 39. — A. current of 20 mill i am pores was passed 
for 30 minutes through the leg of a pithed frog, the electrodes 
being strips of platinum foil, one in contact with the anterior 
and the other with the posterior surface. In four minutes the 
leg was paralysed, and stimulation caused only twitching of the 
toes. In twelve minutes the muscles began to feel hard. The 
circulation in the web was almost completely stopped, although 
none of the current could pass through it. The vessels wore 
choked with corpuscles. In some parts there were slow oscilla- 
tory movements of the blood. There were no reflex movements 
after the current had been closed for half a minute. At the 
end of the experiment the toes still responded vigorously to 
direct stimulation, but the. rest of the leg was inexci table. The 
amount of solids and ash in the soft tissues of the leg, including 
the skin, was determined ami compared with that of the other 
leg. No sensible difference was found, the proportion of ash 
in each case being 4*5 per cent of the solids. 

Experiment 40. — To determine whether this equality was 
due to the maintenance, in an imperfect manner perhaps, of 
the circulation in the limb, oi* to the inclusion of the pro- 
"ducts of electrolysis in the skin, the foregoing experiment was 
repeated, but the skin was removed before the analysis was 
done. The difference in the amount of ash is trifling, only 
about T per cent reckoned on the weight of the moist muscle. 
There is no loss of water. On the contrary there is a gain of 
about 1 per cent in the electrolysed muscles. In fact wc have 
here not pure electrolysis, but the result of a mixed electrolysis 
and cataphoresis in tissues which are fed in a more or less perfect 
manner by the circulation. 



Water. 

Solids. 

i 

Asli. 

Electrolysed. j 

79*1 

20*9 

4 

1*19, or 5*7 per cent of the 
total solids. 

TJnelectrolysed, 

78*0 

22*00 

1*30, or 5*9 per cent of the 

« « 

' 

total solids. 
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Experiment 41, — where the influence of»thc circulation was 
removed, shews a greater difference. One leg of a frog was 
ligatured high up in the thigh. A current of 20 milliamperes 
was then passed through i l in the usual way for' *>() minutes. 
The ash of the soft tissues, excluding the skin, was found to be 
5*1 per cent of the solids in the electrolysed limb, and 0*0 per 
cent in the uuelectroiysed. But the polar changes of reaction 
extended far into the muscle, and there is little doubt that the 
actual decomposition of salts exceeded the difference found. 

When the circulation/ is stopped there can be no doubt that 
the removal of salts may be not only appreciable, but even 
adequate to the destruction of the tissues. Wo know that a 
tissue may bp excited first and tficn destroyed by the diffusion 
of its salts into distilled water. What effects the removal of 
salts by electrolysis may have before it loads to the actual death 
of the tissue, whether excitation by tlur galvanic current may be 
related to it in any way ; whether the polar changes of corn! act- 
ivity or excitability produced by continued passage of the 
current can be connected with it, are questions which cannot be 
discussed here and which perhaps arc not ripe for discussion at 
all. But that removal of a considerable proportion of the salts, 
even if the removal be temporary, will destroy a tissue is quite 
sure; and that removal of even, a small proportion will affect the 
nutritive activity is more than probable. This is an action of 
the current too which may penetrate much farther into the 
iritrapolar region than the secondary actions at the electrodes. 

We come now ’to the third mode of action, which is still ‘less 
than the second a purely polar action, for it makes itself felt 
rigid along the path of the current from electrode to electrode. 

(d) The cataphoric action of the current or Electrical* 

* * Endosmose . 

This is an action of the current to which but little attention 
has been paid, in its physiological and therapeutical, relations. 
Ye t there can be little doubt, that the great and visible changes 
which can be produced in this way the, distribution of the 
liquids of the tissues and the substances dissolved in them, are 
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capable of acting powerfully upon their vitality and nutrition. 
All the tissues seem to possess the physical structure which 
renders cataphoresis possible. In living muscle it can be actually 
observed with the microscope, as the so-called Porret’s pheno- 
menon. It has been successfully employed as a means of 
introducing drugs through the skin. (See a recent paper by 
Peterson, in the N&w York Medical Journal, April 27, 1889). 
It certainly plays a part in the diminution of apparent resis- 
tance which goes on for some time after the closure of the 
galvanic current in many elcctrb-therapeutical operations, and 
which is so striking a feature in the recently introduced gynae- 
cological applications of electricity. I am inclined to think 
that what gynaecologists have begun to call the “ hemorrhagic” 
action of the negative pole is, in pant at least, a cataphoric effect. 
There is a transference of liquids to the cathode, and a conse- 
quent moistness and turgescence of the parts around it. The 
smaller the surface of the cathode in proportion to that 
of the anode, the denser will be the current in its neigh- 
bourhood; and as the amount of cataphoresis is proportional 
to the strength of 'the current, and therefore the spie 
through every section of the path, the e/Fect with a small 
cathode in the uterus and a large anode on the skin, will be 
concentrated in the neighbourhood of the former. The liquids, 
gathered so to speak from a large catchment area, will pass along 
an ever narrowing channel and pour themselves out as an in- 
creased uterine secretion or hmmorrhage, or condition such a 
secretion or such a haemorrhage. In like manner the “ haemo- 
static” action of the positive pole, although it is certainly 
due to a large extent to the products of electrolysis set free 
tlie/e, must be partly ascribed to the removal of Kquid by 
cataphoresis. 

Again, in all probability, part of the action in the so-called 
electrolysis of urethral stricture is a softening of the tissue by 
the flow of liquid to the cathode. For the cathode has been 
found to be much superior to the anode as the internal pole 
(Bruce Clarke, Bri-i. Med/ Jour., April 19, 1890). The currents 
used are so weak that the caustic action of the poles is ^limi- 
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nated, and it is difficult to see what chemical or physical 
difference there can be which is so#important as that produced 
by cataphorcsis. * 

My experiments have been made (1) on animal liquids and 
simple solutions of animal substances, through porous septa, (2) 
on isolated tissues, and (2) on living animals* It is not always easy 
to say how much of a given effect is due to cafcaphoresis, and 
how much to the electrolytic action of the current-. Sometimes 
the two actions conspire, and sometimes they oppose each other; 
and in general qualitative observations are not enough to sepa- 
rate them. It is necessary to measure the current •strength, to 
measure the amount of transference of liquids and of the solids 
dissolved in them, to compare experiments, and to make calcu- 
lations, and even then it is sometimes possible to arrive only at 
approximate results. The problem is comparatively simple in 
the case of liquids separated by a porous septum. There is an 
.immense transference of witter from the positive to the negative 
■compartment in the case of all animal liquids and proteid 
solutions, a smaller proportional transference of salts* and distinct 
movement of pigments and proteids. 

For example, in an hour and a half, with a current of only 5 
milliam peres mean strength, the volume of a 3d per cent luomo- 
globiu solution had diminished 40 per cent in the positive 
compartment and increased 35 per cent in the negative, the 
difference being due to loss in ^measurement and absorption by 
the septum. 

In a two-hours’ electrolysis of bile with a current of G5 mftli- 
ain pores, no less than 92 per cent of the water had disappeared 
from the anodic compartment, which originally contained 10 c.c. 
of the liquid. Of course only a small proportion of this lass 
was due to decomposition of the water. Similar results are got 
in liquids rich in proteids, but here the coagulation at the anode 
modifies the process. A long-continued electrolysis, however, 
dries the anodic eoagulum in its turn by cataphorcsis and this 
process certainly has a share in the physical effects of the 
positive pole. 

In excised tissues tin* process, as*we have said, is more com- 
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plex. Thus in oi*e experiment where 70 grammes of rabbit's 
muscle were elecfcrolj\sed for 30 minutes by a current of 350 
milliampbres, the water*. in the cathodic half was found to exceed 
that in the anodic half in the proportion of 48 to 31, and the 
salts in the proportion «f 48 to 23. But here the direct decom- 
position of the salts was mixed up with the change in their 
distribution by cataphoresis. 

In the living animal there is a third factor which must power- 
fully affect the results, the ♦physiological factor namely. For 
example, in electrolysing the utfcrus of k rabbit, with a hollow 
metallic electrode passed up the vagina, I have noticed 
that when the hollow electrode is the cathode, fluid is forced 
through it, while this does not happen when the intravaginal 
electrode is the anode. Is this.* due to increased secretion 
caused by the stimulation of the cathode alone or is the 
cataphoric action of the -current in play ? I merely state the 
problem to show bow difficult the analysis is, without going 
into the reasons which have led me to believe that the physical 
action has at least an important share in processes of this kind. 
The whole subject wMild be better discussed elsewhere in con- 
nection with the practical application of electrolysis in disease. 

( 4 ) Local Increase of Temperature produced bp the Current. 

As to the local increase of temperature which I have dis- 
tinguished as the fourth chemico-physieal mode of action of the 
current it is not necessary to say much here. In dead tissues, 
and practically in tissues isolated by excision 'or ligature, it is a 
purely physical problem to calculate the quantity of heat 
evolved by a given current in a given time. It varies directly 
as the square of the current, the first power of 4he resist- 
ance and the time, when the energy of the current is ail 
transformed into beat. When part of the energy is employed 
in chemical decomposition, as is always the case in electrolysis 
of animal tissues, the heat will be less by a corresponding 
amount. The rise of temperature produced in an isolated tissue 
by a given current in a gi^en time, chemical decomposition being 
left out of account, will vary directly as i ts resistance, inversely 
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as its capacity for heat, and inversely as the loss by radiation, 
conduction, &c. When the stationary temperature has once 
been attained, the heat loss will cease to have any influence, 
and the excess of temperature will depend only on resistance 
and capacity. For example, the specific heat of nerve and 
muscle being taken as about equal, the capacity of a given 
length of the sciatic nerve of a frog will be to that of the same 
length of the gastrocnemius muscle approximately as their mean 
sections. Their resistances will bear the same proportion. The 
rise of temperature will therefore! he inversely as the square of 
the mean section for a giv.cn current strength. Thus a current 
which may not raise the temperature of the muscle by more 
than a fraction -of a degree, may shrivel up the nerve. 

Experiment 42. — Two troughs of the same length, but with 
cross sections, in the proportion of 1 to 20 were filled with 
minced rabbit’s muscle, and electrolysed in series by a current 
of 400 milliamperes. The temperature in the narrow trough 
rose in a quarter of an hour to 70° C., the temperature of the 
room being only 14°, while the other was scarcely affected. 
When the troughs were arranged in parallel'll™, the same E. AT. F. 
being used, there was no appreciable rise of temperature in either. 

Tins is, of course, only an illustration of a well-known law. 

Experiment 43 shews that it is possible to obtain well-marked 
differences of temperature in a continuous mass of tissue by 
electrolysing it. 4 o grammes of rabbit’s muscle were placed in 
a hollow triangular prism of glass, and a current of 200 milli- 
amperes passed through it for 40 minutes from apex to base. 
The temperature at the apex rose rapidly, that at the base more 
slowly, until at the end of the experiment the former was 
54° O. above that of the air, and the latter 1G° C. above it. 
There was thus a difference of 38° C., although the distance 
between the two electrodes was only 7 centimetres. 

In the living body the circulation will, of course, tend to pre- 
vent the local rise of temperature, but, notwithstanding^ this, we 
know that marked local differences, even in the blood stream 
itself, exist. The resistance of the tissues is generally so great, 
compared with the internal resistance of the battery, that nearly 
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the whole heat production must be between the electrodes. 
When one of the electrode?, is small compared with the other, 
the heat production liiust be correspondingly increased in its 
neighbourhood. We often hear of the immense production of 
heat by a gland like the liver. But in an ordinary gynecological 
electrolysis the chemical action of a battery of 30 or 40 volts 
working through a resistance of 800 ohms may be concentrated 
within two or three hundred grammes of tissue. Is it possible 
that no appreciable change Of local temperature is produced ? 

Experiment 44. — In a cat just dead a thermometer was 
introduced • into the vagina by air incision. The negative 
electrode was put into the vpgina by the natural opening, and 
the positive, which was much the larger of the two, was placed 
over the uterus. A current of 8.7 in i 11 iam peres, was passed, and 
jin three minutes the temperature had risen from 25”'4 to 27°*2. 
(The cat had been used for a previous experiment, which 
accounts for the low temperature). When the current was 
opened the temperature fell rapidly to 25 *5. The current was 
now closed again in the reverse direction, the intravaginal 
electrode being now 'the anode. In four minutes the tempera- 
ture was 2G° o, and remained stationary at that during the 
passage of the current. When this was stopped it again fell 
rapidly to a little below its former height, as the animal was 
still cooling. 

Here, of course, the circulation was stopped, and it was still 
necessary to see whether in the living animal any change could 
be observed. 

Experiment 45. — A rabbit was put under chloroform, and 
the skin of the abdomen shaved. A large disc electrode, 
covered with cotton wool, moistened with warm noVmal saline, 
was adjusted to the shaved surface, while a tabular electrode, 
carrying a thermometer iri its lumen, was introduced into the 
vagina. A current of 30 milliarnperes was passed, the intra- 
vaginal electrode being first the anode. Then another series of 
observations was taken with the cathode in the vagina. 
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Anode in V aphid. 


Time. 

Tempera- 

ture. 

Remarks. * 

Time. 

Tempera- 

ture. 

Remarks. 

4.29 

38°*8 

Current now 

4.57 

38° *4 


4.2 9' 30" 

39° *25 

closed. 

4.58 

38°*7 


4.37 

39°*21 


5. 

3 8° *9 2 


4.40 

39° *21 

Curr’ nt opened 

5.1 

39"* 


4.40' 30" 

39°*1 

5.2 

39° ■ 


4.42 i 

38°*7 

- 

- 5.3 * 

39"* 

Curr’nt opened 

4.44 

38° -55 j 


5.4 

38° *6 


4.47 

3 8° *4 

r 

5.5 

3 8° *5 

• 

4.54 

38°*2 


5.8 

38°*32 


4.56 

38°-2 

Current closed 

o. 1 0 | 

38° *2 



Cathode in Vagina. 


Time. 

Temperature. 

Remarks. 

5.26 

37° -r. 

Current closed. 

5.29 

3 7° *9 

- 

5.31 

38- 


5.33 

37° *95 


5.34 

3 7° *9 


5.35 

37° *7 

Current opened. 

5.37 

3 7° *55 


5.39 

37° *45 






The progressive, although slow, cooling of the animal, 
although it was protected as far as possible by cotton wool, 
introduces a disturbing factor. Yet there can be no doubt that 
tli ere is a prompt and appreciable rise of temperature when tl\e 
current is passing. The limit is soon reached, and the range is 
not very wide, for the higher the temperature of a part may be, 
the more heat does it part with to blood cooler than itself. And 
it must be remembered that the development of heat is. propor- 
tional to the square of the current. A current of 150 rnilli- 
arnperes, which is within therapeutical limits, ..would produce a 
heatingveffect 25 times as great as the 30 milliampcres of our 
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experiment, undSr similar conditions. Wo must not suppose, 
however, that the extreme rise of temperature, which was '9 
iu that experiment, would be 25 times as great with five times 
the current. While the circulation is intact, nothing like the 
theoretical limit can be reached. On the other hand, we must 
remember that the temperature in the vagina is only a rough 
test of the temperature in tissue elements where the action is 
most intense; and it is not at all impossible that local heat 
coagulation of some of »tlie pmteids of the tissues may be 
one result of electrolysis by a strong current. This would 
mean local death, and consequent 'absorption. But a cir- 
cumscribed elevation of temperature stopping short of this, 
a local fever so to speak, will probably while ft lasts lead to 
increased metabolism. If it lasts long it may even prepare the 
„jvay for fatty degeneration. In any case it will certainly 
increase the chemical action of the electrolytic products ; which 
is already greatly favoured by the normal bodity temperature. 
It may be asked whether the rise of temperature observed in 
the vagina is not due to a general rise of the temperature of the 
blood caused by the contraction of the abdominal muscles and 
the uterus, intestines and other abdominal and pelvic organs. 
The constant current does excite powerful and continued con- 
traction of the uterus, the abdominal walls are tense, a nd peris- 
talsis of the intestines is very active. But the rise of temperature 
in the vagina is not due to any of these things ; it is not due to 
a general rise in the temperature of the blood ; for the tempera- 
ture of the rectum is not affected, nor is that of the mouth. 
The heating action of the current tends to reduce the resistance, 
but it can scarcely ever be large enough, in the living body, to 
account for more than a small part of the progressive increase 
in the current so often observed. 

E lee (rolys is in Tluw apcutics . 

I do not propose here to discuss in all its bearings the relation 
of these results to the therapeutical use of strong voltaic currents. 
The inquiry is fa v from being complete, even on its physical and 
chemical side; and a masS of physiological and pathological 
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observation is required before we can fully unclerstand how the 
physiological effects of the current fliodify the physical, and the 
physical the physiological, and how both affect the processes of 
disease. But I should like to connect the subject, before leaving 
it, with its practical applications by a link or two of suggestion. 

in the first place it is clear that the polar effects are to be 
sharply separated from those parts of the electrolytic action 
which influence especially the intrapolar region. They are, in 
their action on the body, the mos*t purely physical of all the 
effects of the current ; they are the least indebted to slow 
physiological processes’ iifduced by them and continuing after 
them. The polar action can only reach tissues at a com para lively 
small distance* from the electrodes. It is therefore specially 
suited for skin surfaces, and the surfaces of accessible# cavities. 
If the epidermis is unbroken it is unlikely that the polar action 
will reach beneath the subcutaneous tissue. But there will be 
a better chance of its doing so if the epidermis is soaked with a 
strong solution of salt. Wherever an intense poljir action is 
required, the tissues should have as much salts in them as 
possible; for the more intense the current the more of the 
electrolytic products will be given off at the electrodes. 
Wherever the active pole may be the indication is the same. 

As a rule it has been found necessary, in order that the polar 
action may be effectual in the case of a subcutaneous or 
submucous structure, to got thb electrode into* the structure by 
puncture. In the* treatment of naevi, Duncan not only punc- 
tures, but moves the positive electrode about in the tissue, 
relying entirely upon the secondary electrolytic action, aided 
perhaps to some extent by the mechanical effect. Here 
destruction of the tissue is what is aimed at, and the polar 
action is admirably suited for this. The attempt to treat a 
naevus by electrolysis without puncture, which is still some- 
times made, is based upon an inaccurate idea of the distribution 
of the polar action. Since it is most intense at the sflrface of 
the electrodes, whatever mischief is done to the naevus must be 
accompanied by greater mischief to the skfri if there is no 
punctufe. It is indeed possible with a strong current to ♦destroy 
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a naevus through S:he unbroken skin, but not without injuring 
the skin. It is possible to stop the circulation in the carotid 
artery of a rabbit without puncture by applying metallic 
electrodes directly to the artery, but it needs a very strong 
current, and the artery itself must first be baked and 
cauterised. I have passed a current of 50 milliamperes 
by well insulated electrodes through the exposed carotid 
for ten minutes without producing a single symptom of 
disturbance to the circulation, although chlorine was coming 
freely off from the anode. Indeed, of all tumours, a vascular 
tumour is the best suited to the polar action and the least ame- 
nable to the other actions qf the current. It is hopeless to 
attempt to starve it by the removal of its salts, so long as the 
circulation goes on; its structure does not lend, itself to a very 
motive cata, phoresis, and in any case the supply of fluid is too 
free for this to have a sensible effect, and heat coagulation is 
out of the question. On the other hand, its vascularity makes 
it a good conductor. There is plenty of salts in it to yield 
decomposition products at the electrodes, and the coagulation 
of the blood by the anode prevents these products from being 
carried uselessly away. 

A superficial new growth, an epithelioma, for example, which 
does not infiltrate deeply the subcutaneous tissues, would be 
another condition suitable for the polar action of the current. 
When I say this, J am not advocating such a line of treatment. 
It may be highly improper, from a surgical point of view, or it 
may be the reverse. What 1 say is, if it is desired to destroy 
such an epithelioma by electrolysis, the polar action of the 
current is that which is best suited to destroy it; and here 
agftin, the more salts which can be got into the tissue ? the better. 
If, on the other hand, we have a cancer spreading far beneath 
the skin, still more, if we have a cancer in an internal organ 
and far from a mucous surface, the' polar action cannot reach it 
without pu ncfcurc. 

The kind of tissue most likely to be influenced by the removal 
of salts by electrolysis, and by the cataphoric action of the 
current rather than, by the polar action, would be a* tissue 
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without a very rich vascular supply or what Hornes to the same 
thing with a vascular supply liable to be interrupted by the 
physiological effects of the jurrent. If *at the same time the 
tissue required an unusually large amount of salts for its proper 
nutrition the likelihood of its being influenced in this way 
would be increased. A uterine fibroid is probably a fairly good 
example of a structure fulfilling the first condition, and all 
inflammatory exudations are said to fulfil the second. (Gorup- 
Besanez, Physiol . Ghernie , III., p. 8?). Hence, although it is true 
that a t any rate in an intra-mural and still more in a subperitoneal 
fibroid or in a cellulitic? induration, there can be no polar action 
without puncture, it is not correct, to say, as has been said, that 
there can be no electrolytic effect. There is a very great current- 
density in an ordinary u team electrolysis in the neighbourhood 
of the internal electrode. In many cases, if not in all, the uterus 
is firmly contracted during the passage bf the current, and even 
for many liours after the patient may have bearing down pains. 
In this state of things the circulation in the fibroid is not likely 
to be very active. The vasomotor arrangements are far less 
perfect in pathological growths than in normal, tissues, 
and the contracted uterus may feed itself while the tumour 
is starved of its proteid nutriment, and at the same time 
robbed of its salts, and while the normal distribution uf its 
liquids is deranged. The richness of inflammatory products in 
salts, and especially in good ^ conducting salts like sodium 
chloride, all the more if coupled with a special need for thejn 
and an imperfect blood supply, will tell in two ways : loss of 
the salts will be more serious and less easily repaired than in 
the normal tissue, and at the same time the resistance will be 
less, and the* share of the current correspondingly greater. T» 
the same way a^eajncer, if it really contains an excess of salts, 
as is alleged, would to a certain extent short-circuit the current 
from the normal tissues in vVhich it lies. [A number of the 
experiments were done in the Physiological Laboratory of 
( ■ami >ridgo University.] 

May 17th , 1890. 
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The Action of Various Stimuli on Non-Striped Muscle. 
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Platt Physiological Scholar, Tho Owens College, Manchester. 

(Plate I.) 

This contribution contains the results of aii investigation 
undertaken to ascertain tli3 action of various stimuli on the 
"musculature of the stomach of the Frog. 

The structure of the muscle contained in the walls of the 
Frog s stomach is that of the lion -striated variety. Much more 
work has been done recently on striated than on non- striated 
muscle, lienee the results of the former are much more widely 
known, so that it may not be out of place, before giving my own 
results, to give a short summary of the results of other observers. 

Hngelmann found that the ureter is capable of undergoing 
peristaltic movements — apart from any nervous influence — on 
stimulation, which persist after the cessation of the stimulus. 

The results which Van Bmam-Houckgeest and Ranvier, 
working on the alimentary canal of* the , Rabbit and Frog 
■respectively, obtained are much alike. They are as follows : — 

1. Certain parts of the alimentary canal, the duodenum and 

jejunum, are the centres around which peristaltic move- 
*■ merits take place; hut all parts, providing they he in a 
proper medium, arc capable of undergoing rhythmical 
contraction. 

2 . These rhythmical contractions are spontaneous, and persist 

for a- considerable time, and are capable of being modified 
by various stimuli. 

3. The muscuhu coating of the stomach of Frogs, according 

to Ranvier. consists of only a* circular layer of fibres; 
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these are the active agent in cawsing* contractions, and 
not the muscularis mucosae. ' 

I propose now to relate m>s own observations, comparing them 
with those of Ranvier, and then to givean account of the action 
of various drugs on the musculature of the Frog's stomach. 

1. Structure of the Stomach . — It is unnecessary to go into 
detail here, my remarks being chiefly confined to the muscula- 
ture. From without inwards we have the following layers : — 

(a) Muscular layers composed of* external lontjitudvnal and 

internal circular layers*. 

(b) Sub-mucous or conhcctive tissue layer. 

(c) Mucous membrane with muscularis mucosa:. 

With regard* to the layer («), there is certainly a longitudinal 
layer of smooth muscle covering the circular fibres, bu t by no 
means of the same thickness. It is present in all the section#- £ 
have cut; it is thin at the cardiac extremity, but gradually 
increases as it gets towards, and is thickest at, the pylorus. The 
circular layer appears of about equal thicknesses .at the two 
extremities of the stomach, and is thickest in the middle, the 
proportion between the two layers (longitudinal to circular) 
being at the card i a as 1 : i>, at the middle as 1:8, and at the 
pylorus as 2 : .5 respectively. Between these two layers the 
plexus of Auerbach is placed, and hence reagents will have to 
soak through the longitudinal layer before they can have any 
influence on the ganglia. RanVier, who says* there is only a 
circular layer, necessarily places this plexus simply beneath the 
peritoneal covering ; hence he gave this as a reason why the 
stomach should be so irritable. It remains, however, to be 
proved whether this nerve plexus has any effect on the rhyth- 
mical contractions. Certainly, the experiments of .Kngelmann erti 
the ureter, and various observers on the heart-apex of the Frog, 
throw doubt on its function. What the primary cause is of the 
rhythm in the stomach or the heart, is yet undecided. In the 
case of the heart-apex, one of the main factors is the pressure 
exerted by the circulating fluid. By iiyaeasing the pressure in 
a heart-apex or heart preparation winch has* stopped beating, 
the contractions can be * caused to reconyr? 4 )nce. _ This* is not 
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borne out in the sffconumh, however; for although it can well be 
compared with the heart, it* will contract equally as well when 
the pressure is as great inside as 4 put; in fact, all the results 
recorded here were got by simply allowing the stomach to soak 
in the fluid, the pressure on the inside and outside thus being 
equal. 

What, then, will the ertect of these antagonistic layers on the 
lever be ? If we add the ratios of each part of the stomach 
together, we shall have roughly the following: — Circular: longi- 
tudinal :: 18 ; 4, or as 44:1. The circular layer thus greatly 
preponderates, so that we may leave t?ie longitudinal out in 
our calculations. As to the £ fleet of the muscu laris mu cosay I 
may add that since each layer is about equal in thickness it will 
be nil ; f so that the essential, element in contraction is the 
circular layer, and this is borne out by the manner in which the 
stomach reacts to drugs, and by a comparison with striated 
muscle. 

Method of Experiment . — The experiments were done with 
an apparatus resembling Wild's 1 modification of Brunton and 
Cash's 3 (see Fig 1). This consists of a glass cylinder (13), made 



Fig. 1 . — Apparatus used. For the skeletal inuselo thd excised stomach of 
the Frog was substituted. 


by removing the bottom of a 2-ounee phial, and closing the 

mouth with a cork. The latter was perforated by a thin copper 

wire, the upper end being bent on itself into the form of a hook, 
* 

/. 1 British MctVtcal' Journal, September Id, 1887, 

9 • VhU.iTrft-n*., 1884. * ‘ 
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which was pushed through the pyloric extremity, and then 
pressed tight so as to clamp this efkl perfectly. Another long 
thin copper wire was pass'id through the cardiac end, and 
similarly clamped tight, its upper end * being screwed to the 
short end of the lever (L). By this means a current of electricity 
could be sent through the preparation. The cork was then 
fitted to the neck, and the whole inverted, the neck of the 
bottle passing through a hole in the platform. (P), and the phial 
then filled with Ringers fluid. The long arm of the lever was 
composed of straw, measuring 25 inches, the short arm being 
H inch. By means of* a* counterpoise ((d) on the latter, the 
work of the stomach could ho reduced to a minimum, and the 
end of the lever was furnished with a small piece of stilt* paper 
cut to a point, thus acting as a writing style on a Uaekened 
drum (I)). This drum, owing to the slowness with which fcfec 
stomach contracts, was driven by the axle-rod of Hawkslcy s 
recording apparatus placed on its side, and thus I was aide to 
get a speed of $ inch, or just over two erntimetyes per live 
minutes. The platform was fitted to a Jaass up-right, along 
which it was able to move, and capable of being fixed at any 
height by means of a screw. This upright was fitted into a 
stand, and by means of a tangent screw it could be rotated 
through one-sixth of a circle. By this means the lever point 
could be made to write with the smallest possible amount of 
friction. 

With this apparatus the first few experiments were performed; 
but in pipetting off the solutions, when they required changing, 
the air caused the stomach to contract very irregularly, and it 
was necessary to obviate this effect. This was accomplished by 
placing a funnel, held in a retort-holder, above the cylinder, its 
lower end being connected by means of a caoutchouc joint, wi th 
a glass tube which dipped in the fluid contained in the cylinder. 
This caoutchouc joint was clamped, and the funnel filled with a 
solution of the required reagent. The cork closing the # neck of 
the bottle was also perforated by a hole, ^through which passed a 
glass tube, having its lower end closed by a elafiiped caoutchouc 
tube. By this means the apparatus coy Id he jemptiod and 
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refilled in about ffve seconds, and this made the effect of the air 
inappreciable. With it I obtained fairly good contractions; it 
is an easy and quick method of fitting results, and one sub- 
jecting the stomach to very little irritation. 

In preparing the stomach for experiment the abdomen of 
the Frog (liana teniporaria ) was opened, iu all cases, under 
normal saline. The only period in which the stomach was 
exposed to air was during the fitting of the cork into the neck 
of the bottle, the hooked wire and clamped glass tube being 
fitted into the cork before the stomach was touched. It is 
necessary, in separating the stomach' to take sufficient of the 
duodenum and (esophagus t*o give room for the forceps to rest, 
great care being taken not to injure the walls of the stomach ; 
the hook**, holding it in position/ of course nrp placed only in 
st> j n ach s t r u c ture. 

Wushnai out the Contents of the Stomach . — llanvier lays 
stress on this. It is, however, not always possible or necessary, 
because in some cases, when the stomach contained particles of 
food, L got as good results as when it was washed out; still, on 
the whole, it is the better plan. In doing so, it is well not to 
use too much force, or it may he spoiled through over-distension. 

Normal True in;/ (PI. I. fig. 1). — The normal tracing here 
described is that which I obtained with Ringer’s fluid, because 
this solution was used in all the experiments, being better than 
either blood or normal saline, which will be described later. 

/This tracing consists of * spontaneous contractions indicated 
by the rise and fall of the lever. At first, while the stomach 
is in an irritable condition, due to the manipulation consequent 
on putting it up, the contractions were small and irregular; 
after some time they became larger and more regular, and 
finally the stomach passed into a condition \vly 3 re the contrac- 
tions became longer, weaker, and less rapid. They are essen- 
tially like those of striated muscle, differing only in the greater 
length *f the latent period, slower ascent and descent, with 
longer elastic vibration. In addition there is always a primary 
continuous fall of the lever, lasting from five to ten minutes, 
which J cad only ascribe t6 the irritation consequent on» putting. 
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up. It cannot be due to the contraction of the longitudinal 
layer, for this would cause a rise, bat is most probably due to 
the spasmodic overaction of # the circular "layer, because it disap- 
pears in a short time, and then the leaver describes an almost 
horizontal line. The rise or fall is caused by the elongation or 
contraction respectively of the circular layer, as will be evident 
from what has been said above about the structure of the 
stomach and the kind of lever used. 

The Frogs also vary some what* A found the contractions 
better in strong adult male and breeding female Frogs. During 
the months of August and September the contractions obtained 
wen; very small and feeble. , 

Normal Saline . — This was tried at first. The results with 
this are yeiy variable,* sometimes no spontaneous con- 
tractions being present. When they are, they present 
the saute general characters as 'with Ringer’s solution, 
bill are not so strong; they are irregular in rhythm, and 
only persist for about an hour at the longest^ 

Dl/tr'C'l Blood (fig. 2).— This is better than normal saline, hut 
on the whole not so good as Ringer: only in one experi- 
ment did 1 get a better contraction than in Ringer. The 
solution, is by no means so convenient to work with ; it 
is made by adding two parts normal saline to one part 
blood, and requires to bo f resh when used. 

Mechanical Stimuli . — On pinching the stomach in situ., a 
circular constriction opposite the point stimulated was 
produced, and also a small one longitudinally. The 
former is due to the action of the circular, the latter to 
the longitudinal layer of muscles. Ran vie?*, who got the 
same results, assigns no reason for the latter reacthfti, 
si nc<; he says only circular fibres are present. The inns- 
cu laris mucosa*, can take no part in the reaction, for its 
layers, longitudinal and circular, arc of equal thickness, 
and so thin as compared with the external fnuscular 
coat. Of the different parts off he stomach, the ptyoric 
region is that which produces the hugest contractions, 
though all parts (ion tract. 
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Thermal Stimuli . — With the abdomen opened and the intes- 
tines in si/ a and in normal saline, largo movements took 
place at a moderately quick gate at the temperature of 
Hi' 5 Cl The whole of the movements appeared to be 
situated round the duodenum as a centre, the whole of 
jtho remaining portion of the alimentary canal being as 
it were moved round this centre. They were kept up 
for upwards of* six to eight hours. A. temperature of 
*20- 0. increased their rapidity, but above this they 
diminished in frequency, and stopped at a temperature 
above 2G 0. 

When put in the apparatus with lever, &c., the rhythmical 
contractions increase in frequency and size up to 18° O. This 
is, however, variable, some , stomachs contracting at 20 0. 

A temperature of* 28 C. abolishes them, the stomach being 
in a state of contraction (rigor). Ranvier says the high tem- 
perature limit is 22 C. ; otherwise his results arc similar to 
the above. The contraction at 28 : 0, appears to be a true 
“heat-rigor,” and (lifters lrom the so-called “cold-rigor,’ in not 
being able to recommence contracting upon the temperature 
being reduced. 

In all the following experiments the stomach was allowed to 
contract about fifteen to twenty minutes in Ringer’s iluid so as 
to get a normal tracing, the current was then sent through or 
the drug added, so that, the comparison between the two might 
be .more correct, as differences in the normal tracing, in one way 
or the other, sometimes took place. At times the reagent was 
only added when the stomach had stopped contracting, in order 
to see the result. 

Favadaie tit ha all. — With a weak current the contractions 
are increased in force and the frequency .diminished, but 
the rhythm remains regular; a current of medium inten- 
sity caused a slight rise of the lever, which remains so; 
while one of maximum strength sent the stomach into a 
state resembling tetanus, the wave-like contractions 
being abolished. Thus the effect produced simply 
depends on the strength of currant used. ■ 
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■Galvanic* Stimuli — With one Daniel l’s «cell (Fig. 20) the 
spontaneous contractions \; r ere made stronger, slightly 
slowed, and the rl^thm more regular, the form of the 
curve being broader at the apux. The contractions con- 
tinued regularly for many hoitas, and with but slightly 
diminished vigour, the results seeming to be rather of a 
tonic character. There was no essential difference whether 
the current was an ascending (from the pylorus to the 
cardiac end) one or descending, or whether a make or 
break. The effect of the? current seems to last along time 
alter its withdrawal, in addition it has. the power of 
initiating spontaneous contraction (Fig. 5). A slight but 
contirmous relaxation of the stomach is caused just like 

the action of dilute* acids on striated muscle. With 

• * • 

three Dailiell ceils the contractions were still preseiiL no 
di Hero nee being noticeable between this and the tracing 
obtained with a. weaker current (one cell). This differs 
from tin; etiect of a constant current on the heart, which 
was shown by V. Ziemssen to double the number of 
beats when a strong current was* passed through it and 
by Ludwig and Holla, to bring about a condition resem- 
bling tetanus, when a very strong current was used. 

Ghcitiical Stimuli — -Lnciic Acid . — With a, solution of ii)( ! HT . } - 
(Fig. 3), the spontaneous contractions were not altered 
in force, but were moyo frequent an<( rhythmical; they 
soon disappear, becoming J very small in about live 
minutes, and almost imperceptible in fifteen. The lever 
rises slightly at first, showing relaxation of the stomach 
(circular layer), and then gradually falls (contracture), 
thus differing from the effect in stronger solutions* in 
which it agrees with the experiments of Ringer on the 
heart-apex, who found that acids with musearin and 
pilocarpi n cause a state of relaxation of the heart, while 
alkalies with veratria. and digital in cause a sbyte of con- 
traction. The above results were obtained. in the winter 
season, at the latter end of January and beginning of 
v February. Jn petober, when the weatheT was not so 
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cold, a solution of the same strength had less paralytic 
effect, the spontaneous, contractions only being reduced to 
small rhythmic cues in fifteen minutes, and on adding 
Ringer’s solution, the contractions became stronger, and 
persisted lor half an hour; otherwise the effect on the 
lever and stomach was the same. 

With solutions of 50*00 (Fig- 4 ) the spontaneous contractions 
were stopped immediately; the stomach was suddenly but 
slightly relaxed, but afterwards passed into a state of gradual 
but sustained relaxation. When' in this condition, a solution of 
j oVo caused the relaxation to become more rapid, and next day 
the stomach was in a soft relaxed condition. A solution of 
ToVo (Fig. G) accentuated the above features. 

In all the above, while under the action of the reagent, the 
stomach becomes bent on itself, and thrown into circular folds, 

«i j. 

which begin at the pyloric end and go upwards. 

Thus lactic acid is a strong poison to smooth muscle, even 
in dilute solutions, the rapidity of its action varying as the 
strength of solution. Jt causes a relaxation of the muscle, and 
agrees in these points with its action on striated muscle, the heart, 
and the smooth muscle of blood-vessels. The stimulating effect, 
which the weakest solution, , O o0o> has, in accord with a theory 
recently set forth, that all drugs, in a certain strength of solu- 
tion, have a stimulating action, although they are ordinarily 
classed as strong muscle poisons. f 

>S lot Hum Hydrafe. — Solutions of (Fig. 7 ) made the 

spontaneous contractions stronger, more frequent, and 
more regular in rhythm. The form of a single curve is 
as follows : — It commences with a sudden rise, which 
becomes slower as it reaches the summit of the curve, 
which is more pointed ; then the descent begins, suddenly 
at first, but more slowly as it approaches the base line. 
As the action of the drug * continues the contractions 
become weaker, the top more rounded, and the latent 
period longer; the contractions persist for hours, with 
gradually increasing contracture of stomach, which is, the 
following morning, in a strongly contracted and hard 
condition. 
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In strengths of 3<S J 00 the same reaction kikes place, but the 
spontaneous contractions are much smaller. In certain stomachs 
which did not contract, spontaneous contractions were produced, 
small at first, becoming larger and flat-topped, but finally weak 
again. * 

With a strength of r . ( , )iyo (Rig. 8) the spontaneous contractions 
are abolished; in some cases at once, in others after about five 
minutes’ action. 

A solution of lactic acid, joooro Nvas added to a stomach 
which had been half an ho dr in sodium hydrate i - i 0 <> > it 
causes a sharp rise, at once distinct from the sodium hydrate 
tracing. This rise presented a few contractions, which soon dis- 
appeared, and then the tracing became horizontal. After fifteen 
minutes the solution was changed to sodic hydrate (^J uo ), and 
then the normal action of* this substance was brought intojplay, 
a moderately quick — but not so quick as that of the lactic — fail 
of the lever taking place, which became continuous. Thus the 
effect of sodium hydrate, ,., I 1 , 0(J - is antagonistic to that of the 
lactic acid, r^^and they both prevent the spontaneous con- 
tractions taking place. 

Briefly, sodic hydrate in weak solutions acts as a stimulant, 
but. in strong solutions it paralyses, the stomach after a long 
period being in a state of rh/or 'mortis. Lactic acid .also in 
weak solutions stimulates, but quickly — indeed, very quickly — 
paralyses. In strong solutions it paralyses.„at once, and in all 
the stomach is in a relaxed condition. 

The abov'2 results are essentially the same as those of Ringer 
on the heart-apex, with the exception that, using levers of similar 
orders, he got a fall with lactic when I got a rise, and the reverse 
with sodium hydrate. This, however, is only apparently so, for 
in reality, when, we consider that it is the circular fibres of the 
stomach which cause the lever to move, and that both ends of 
the stomach are clamped aifd its cavity filled with fluid, we shall 
see that a contraction of the stomach will not cause ;> rise of the 
lever, but a fall, and relaxation of^ the stomach the reverse. 
This is, in fact, one proof of the circular layer being the active 
agent in these experiments. 
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Sodium Nitrite.*— With a strength of vuiUo (Fig. 9), the 
spontaneous eon tract i cm s inereaso materially in force but 
not in frequency, "and their form was altered The ascent 
was quick, the top pointed, the descent showing at first 
a sudden fall, becoming less rapid near the base, and the 
la tent period gradually becomes longer. The after-effect 
of .Ringer's solution makes the top broader. The spon- 
taneous contractions disappear less quickly than with 
sodium hydrate oC latifc acid. The stomach is gradually 
but continuously contracted. Strengths of , oV o caused 
the top- of the wave to become rounder, but paralysis 
takes place gradually from the first, the spontaneous 
contractions being almost gone in eighty minutes. On 
the addition of Ringer’^ solution (Fig. Kfqthey reappear, 
c . are well marked, but weaker. 

Nil rite. — With solutions containing the 

contractions are increased in force, the frequency is un- 
altered, and the rhythm is irregular. On changing to 
Ringer’s fluid, they are made larger and more regular, 
but there is no definite form of contraction-wave. The 
stomach undergoes gradual but very slight contraction. 

A. strength of , ^tops ^ ,e spontaneous contractions in ton 
minute^. They recommence on adding Ringers fluid, at first 
being irregular both in force and rhythm, but afterwards regular 
but weak, and they persist a long Aime. 1 leneeit would appear 
that r>0 o (H y arts as a stimulant to, while , oi<vo/p ( >i s ons smooth 
muscle. All cause a, slight amount of contracture. * 

Quinine Sid /Jut tv — In solutions of , ( y (M) (Fig. 14) quinine 
acts best; weaker solutions have little if any definite 
action; stronger solutions or prolonged actiof/ of y ,/<, <> 
causes the spontaneous contractions to disappear, and the 
stomach to pass into a state of rigor. With , dob 
(Fig. 15) the spontaneous contractions are initiated when 
absent. If present they are increased in force, lessened 
in frequency, and increased in rhythm. After a time 
they diminish and gradually become obliterated. The 
rise of the lever in Fig. 15 does n^t occur normally, but 
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the reverse generally takes plaqp, vi contracture or fall 
of lever. > 

Wild 1 got the same state of contradtnre on the involuntary 
muscle of the oesophagus of the F rog. He comes to the conclusion 
from experiments on striated and non-striated muscle (in the 
vessels, heart, and oesophagus), that quinine acts essentially the 
same on all forms, stimulating in small doses, paralysing in large 
or continued action of small, and causing a state of r Igor mortis 
after the action of very large or prolonged action of large doses. 
The results are very similar to 'those on the stomach. 

Quinine is said ndt io excite uterine contractions, but to 
stimulate them when present, and to cause tonic contractions of 
the uterus. 'Some of the experiments on the stomach would 
lead one to suppose that it will initiate spontaneous contractions. 

Strychnin Sulphate . — Solutions containing 7i: J 0(y and 0( >- 
gavo no definite result as to the spontaneous contrac- 
tions. The effect on the lever (rise or fall) was also nil. 
With ^oioo O r ig 10) the spontaneous contractions were 
stopped in thirty minutes. Their force is slightly in- 
creased. The stomach is also very slightly contracted at 
the end of the experiment. With r .-J 0 - 0 - the spontaneous 
contractions were quickly arrested, and the stomach 
rapidly passes into a state of contracture, whieji was 
stopped by adding Ringer’s solution. 

Strychnin sulphate thus acts as a stimulant in weak solu- 
tions at first, but quickly poisonk. In strong solutions this 
stimulant effect is absent. 

Pilocarpin llydrocldorcUe . — Solutions of (Fig. 17) 

caused the spontaneous contractions to be slightly in- 
creased in strength, though the} r continue for a. long 
time, i.e. y there is little poisoning effect. The rhythm is 
regular, and it is able to initiate spontaneous contrac- 
tions. The form is Characteristic ; the accent is moder- 
ately quick, the summit round, and the descent slower 
than the ascent. In strengths of the contraction 

form was well shown, though weaken The addition of 

1 * Brit. Jonr.y September JSS7. 
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Ringer's solution brings out this difference better. With 
ioW (Fig. 18) the form of the spontaneous contractions 
was best marked,' the ascent lacing moderately quick, and 
the descent slower; the form is altered on adding 
Ringers fluid, but returns again on adding pilocarpin. 
Jd vcn in this strength the poisoning effect is very little, 
and the stomach undergoes .low but gradual contrac- 
ture. In striated muscle it causes fibrillar contractions, 
by irritating the mo to I nerve endings (Brunton). 

Airopin Sulphate . — In solutions of 1 oJ (il >-(Fig. 24) the spon- 
taneous contractions were lessened In force, the frequency 
l»ot altered, but the rhythm made more regular. There 
was no definite form of contraction -wave, but it had on 
it number of irregqlaritfcs. There vyas very little 
paralysis, the spontaneous contraction going on after two 
hours; neither \va$> the stomach in a state of contracture 
or relaxation. 

Solutions of Woo had the same general effects as the above. 
Tims this does not agree with the researches of Szpilmann and 
Luchsinger, who say that atropine acts as a specific poison for 
smooth muscle. They found that after the action of atropin 
stimulation of the peripheral end of the vagus will cause con- 
traction of the striped muscle in the (esophagus, but not of the 
smooth variety, although both forms of muscular tissue respond 
to direct stimulation. W. Stirling points out that this is doubtful, 
because there are no end plates in smooth muscle, so that the 
link between tl jo nerve fibrils and the contractile* substance is 
probably different in the the two cases. 

Ve ra t T i n Sulphate. — Solutions of vr ri J 0(Y made the sponta- 

4 neons contractions stronger, more frequent, ithd rhyth- 
mical. The stomach undergoes at first a dilatation, then a 
very gradual contracture. With strengths of l0< \ Oiy the 
spontaneous contractions wore just like a monocrotic 
pukse-wavc (Fig. 2o); they remained so for about twelve 
contractions, and then began gradually to show a wave, 
like that of .the radial artery, and they are present for 
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some time. The stomach in this and $he rest was similar 
to the above in a state of contracture. * 

Strengths of (Fig. 1.1) caused th'e monocrotic waves to 
be well developed, and on adding Ringers solution for a short 
time the pulse-like tracing reappeared. In this case they were 
accentuated by again adding veratria. With , 0 \n> the spon- 
taneous contractions stopped, but reappeared in an accentuated 
form on adding Ringer. 

DUj'd(iJ/in (Fig. -0). — With a solution of ;i () -/ )(> ( > the sponta- 
neous contractions were’ increased in strength, lessened 
in frequency, and the rhythm remained, regular. The 
contractions are not unlike those of a radial pulse 
tracing, with gradually decreasing tension. T he stomach 
also undergoes slight contracture. 

Ringer has pointed out that veratrin and digitalin agree jyith 
alkalies in causing the muscle of the heart to pass into a state 
of contracture, while acids, with muscarin and pil.ocarp.in, cause 
relaxation. It will be seen that with veratrin and digitalin a 
similar action takes place with the non-stria ted muscle of the 
stomach; whether it is due to their action on the nervous or 
muscular tissue remains to be proved. According to most 
observers, in the heart at least it is said to act on muscle. On 
the stomach, however, muscarin and piloearpin cause contraction, 
not dilation. 

Muscarin Nitrate.— With .strengths of , , r ,‘ 00 (Fig. 21) the 
spontaneous contractions Are increased in force and 
unaltered in frequency and rhythm, which last remains 
good. The form is also altered — a sudden ascent, then, 
a pointed apex ; then the descent, at lirst sudden, but 
becLrring slower, and drawn out as it approaches ghe 
ba.se (Fig. 22). It is very characteristic. With renewed 
Ringer s solution the contractions become irregular again; 
similar to those before the muscarin was added. On now 
adding muscarin, in about live minutes a tracing similar 
to the above is obtained. The contractions, ho wever, 
gradually become weaker, but retain, their form to the 
. end. 
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The stomach is 1 gradually contracted, but very gradually. 
This thus differs from the relaxed condition of the heart under 
the action of the same drug. # 

With the ^hove was accentuated. 

With i( y 00 (Fig. 2o) the first four s[)ontaneous contractions 
were staircase in character, then they resumed their character- 
istic form. 

With v () \ >0 the first twelve spontaneous contractions were also 
staircase in character, but </f much greater height. The rest of 
the tracing was similar to the above, but the hardness and con- 
tracture on the following day were greater than the others. 

Tlms r even in strong solution, muscarin has little paralytic 
effect. In this respect it is similar to veratrin, 'arid both are 
able to initiate rhythmical cpntnfftions, and c^use a condition 
of rigor mortis. Of all the muscle stimulants, muscarin nitrate 
appears to be the best (oil the stomach, however). On the heart, 
muscarin is said to stimulate the inhibitory ganglia. May not 
the great effect on the stomach be due to stimulating the plexus 
of Auerbach and muscle fibres as well ? 

Experiments on the antayon-istie Action of some of the 
above Drugs — A tropin Sulphate and Musearin Nitrate 
(Fig. 19). — When muscarin, -nroiroi was wMed to atropin, 
. ioioo, the irregular form of contractions got by the latter 
was altered to moderately regular but slightly larger ones. 
None of the characteristic -contractions of muscarin were 
produced. On additfg muscarin, (Fig. 10), to a 

stomach which had been acted on by atropin, - the 
contractions peculiar to muscarin were produced; they 
were obliterated by atropin, ^ 0 , again. Thus muscarin 
can abolish the spontaneous contractions produced by 
atropin, and vice versa,, while veratrin , hjis no elfect on 
the atropin curves. This result agrees with the experi- 
ments on the heart, atropiiT paralysing the inhibitory 
branches of the vagus, while muscarin stimulates them, 
each being capable^ of removing the effect of the other. 

Veratrin Sulphate and Strychnin Sulphate. — Veratrin, 
5 uVo> caused a rise of the lever,# and the stomach went 
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into a state of tetanic contractions* On adding strych- 
nin, ;,r.V<y> the lever begap. to fall, and spontaneous con- 
tractions commenced. 

A tropin Sulphate and 'Pilocarpi ?h Ilydrocldorate . — A tropin, 
.* i m > o (Fig. 1.2), instantly- abolishes the rhythmical contrac- 
tions caused by pilocarpin, but they are again re.produced 
in a weaker form by pilocarpin, - 0 ' 0 (J after about twenty 
minutes 5 action. 

In the above experiments, in*no case is the result derived 
from one trial, many of them being repeated many times. 
Owing, however, to* the slowness of contract iml and constant 
attention which is necessary, much time and labour, must be 
expended. In some of the Frogs also there appears to be a 
certain amount of idiosyncVaey,,as in the (piinine § experimcnt, 
from which Fig. 15 is taken. In this stomach, as noted # in the 
text, relaxation instead of contraction occurred. 

The above experiments were carried out in the Physiological 
Laboratory of the Owens College, under the direction and super- 
vision of Professor Stirling, to whom 1 tender my sincere thanks 
for the kind assistance he has rendered me in many different 
ways. , 


EXPLANATION OE PLATE 1. 

In all figures. It --- Ringers solution. Vertical line — time of changing 
solution. j ou<h>’ 4 ^ (? * 1 part* of drug in 10/*)00 parts of Ringer’s 

solution. Drum revolves at rate of* g inch per 5 minutes. Tracings 
should lie reqd from left to right — 

Kig. I. Normal tracing form near the beginning of original tracing 
showing part of initial Jail of lover. 

Figs. 5 and 20. (I = galvanic current, 
aj, 7 and 8. NaO H - caustic soda. 

,, 11 and 13. NaN0 2 - sodium nitrite. 


,, 1°? 

• Ac. 

Atrop. 

= a tropin sulphate. 

>, n, 

Ac. 

Verat. 

= veratrin sulphate. 

„ 12, 

Ac. 

Pilotf. 

— Pilocarpin hydrocJiloratc. 

„ 14, 

Ac. 

Q. 

^ quinine sulphate. 

„ 16, 


Strych. 

-■ strychnin svdphafe. 

,, 21, 

Ac. 

Muse. 

■ in uscari n 1 1 itrate. 


The remaining figures sufficiently explain tin *fn selves. 



Dry Cover-Glass Microscopical Preparations. 

BY 

WILLIAM STIRLING, M.D., 

Professor of Physiology ami Histology in the Owens College, Manchester. 

B\ r the researches of bacteriologists (especially Koch) on the 
one hand, and Ehrlich and his pupils on the other, we have been 
made acquainted with the advantages of “dry cover-glass pre- 
parations.” In testing for the presence of bacteria in certain 
tissues or fluids — c//., sputum — it is usual to prose a small piece 
of the* tissue or a little of the sputum between two cover-glasses 
so as to spread it out as a thin film. On separating the two 
cover-glasses by gliding the one off the other, a thin film is left 
upon both cover -glasses. These films are allowed to dry, and 
can be stained afterwards by means of suitable dyes. This 
method was applied with great success by Ehrlich 1 and his 
pupils in order to study the “ granules ” or “ granulations ” of 
various kinds that occur in the colourless corpuscles of human 
and other blood. 

I wish to dra w attention to the advantages which this method 
affords for the study of many tissues, not only as a means of 
investigation, of new phenomena, but also for securing suitable 
demonstrations of many objects for the student of histology. 

lilooil-Corpvsclcx.—Y ineent Harris 2 has < lirected attention 
to this method as applied to the study of blood-corpuscles. 
The blood was spread in thin layers upon cover-glasses, and 
allowed to dry in direct sunlight. The dried Wood was then 
covered with a solution of some aniline dye, and after a time 
the preparation was Avashed in water, dried in the flame of a 

1 A rch ir. f. Anat. -n. Pity*., Phys. Ahth. y 1870, p. 57-1 ; 'Aeila. f. kiln. Med. , 
Bel. I. , p. 555 ; Charlie Annale.it. 1 SSI, p. 107; l'-'ugen W<\sfcph:i.l, C altar Mast- 
zellen, lining. Disk., Berlin, 1880 ; Ni»rclma.im, ileitrii </■• Fitrbumj d . Mnslzclleri, 
Inang. Diss., Berlin, 1881. 

2 Quart. Jour. Mlcr. Sci. t .XXIII. p. 702. • 
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spirit-lamp, and allowed to cool. A second'Mye was then used 
in the same way, and the preparation was iftounted in balsam 
without being previously passed through alcohol and clove-oil, 
or other clarifying agent. 

Harris also fixes the dried film of blood by means *of a solu- 
tion of chromic acid, r \. per cent., or bichromate of potash, 0*5 
per cent. It is then acted on by alcohol, washed in water, dried, 
and treated with a. solution of Sjjillcr's purple. 

I have repeated this experiment, ;uiU find that most beautiful 
preparations of blood are thereby obtained by using various 
combinations of aniline dies for double-staining. In Frogs 
blood corpuscles, by using eosin .and iodine green, the* nucleus 
becomes greefi and the hminogoblin a coppery tint. Harris has 
used many combinations of aniline dyes. • 

Following the directions of Ehrlich, it is easy for the student 
of histology to repeat Ehrlich’s experiments, and convince him- 
self of the existence of different kinds of “granules” in the 
leucocytes. 

In the method of Ehrlich, in ordci\tofix the blood-corpuscles 
on the cover-glass, the cover-glasses with the film of blood are 
subjected for several hours to a temperature of 120 C., and the 
temperature must be kept fairly constant. Instead of this 
drying process, the cover-glasses may be passed three or ’four or 
more times through the flame of a spirit-lamp or the flame of a 
Bunsen burner, as reeoimneixled by Koch for preparations of 
bacteria. The heating process is necessary for liquids . that 
contain a large amount of albumin, so that this substance is 
changed from a soluble into an insoluble condition. 

The following method by Nikiforow 1 may be substituted, viz., 
to rapidly coagulate the proteids by placing the cover-glasses in 
a fluid. The earners are dried by exposure to the air, and are 
afterwards placed for one or two hours in a mixture composed 
of absolute alcohol — which 'must be quite free from water — and 
ether, equal parts. The cover-glasses are then dried by ex- 
posure to the air, and are subsequently stained by the method 
of Ehrlich. 


1 Zell ticks f. Wi.-s. Mikrosl;., V, *j. 310. 
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The most varied combinations of aniline dyes can be used in 
staining the bloods corpuscles of the Frog or Newt or those of 
Man. 

A very striking effect is obtained with a dry film of human 
blood treated in this way, and afterwards stained in a saturated 
watery solution of methylene blue. The cover-glass is Heated in 
the methylene blue, film-surface next the fluid, and after several 
hours it is washed in water and alcohol, and either allowed to 
dry, and is then mounted in xylol-balsam ; or, after it has been 
dehydrated in alcohol, it is clarified in xylol and mounted in 
xylol-balsam. The use of dove-oil is to be avoided, as it tends 
to destroy the colour of the aniline dyes. 

In this preparation the coloured blood corpuscles arc yellowish 
and unstained, while the leucocytes catch the eye at once by 
their pronounced blue colour. Some of them are fairly uniformly 
stained blue, while in others certain “granules” are stained 
blue. The student also sees at a glance the relative proportion 

of the colourless corpuscles. 

By this means the long and tedious process of drying is 
avoided, so that the student can readily prepare for himself a 
great variety of combination of dyes for blood corpuscles. 

Besides staining the blood corpuscles with one dye after 
another, a very good plan is to use Biondis fluid, or rather 
Ehrlich’s fluid as modified by Biondi. 1 Ehrlich s fluid consists 
of acid fuchsin and methyl blue o” methyl green. The Ehrlich- 
Biondi fluid used is the same as that used by Heidenhain for 
the study of the structure of the villi of the small intestine. It 
consists of completely saturated watery solutions of the follow- 
ing : — 100 e.e. orange, 20 c.c. acid fuchsin, and ;>() c.c. methyl 
green. When required the solution is diluted in the? proportion 
of 1 to 40 of water or thereby. 

Leucocytes from Lymph- Glands, — Sera} >e the cut surface of 
a freshly -excised lymph-gland, and ‘'compress the scrapings be- 
tween two* cover-glasses, and stain them with methylene blue 
or Biondi -Ehrlich fluid. 

The method, however, is equally applicable to other tissues 

, 1 Pfliigott x.Archir, Supp., ILL XMII., 1888. * 
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besides blood. I find it specially welj. adapted for the study of 
epithelium. # # 

Epithelium. — Take, for example?, 'ciliated epithelium and 
goblet cells. The cells are first dissociated in Ran vier’s alcohol, 
i.e., dilute alcohol (1 : 2), for twonty-foifr hours, and, for conveni- 
ence, take the mucous membrane on the hard palate of the F rog. 
A thin film of the dissociated epithelium is pressed between 
two cover-glasses, and, after being dyed, they are immersed in 
the alcohol-ether mixture and then stained. A very good stain 
is methylene blue. r l he preparations are mounted in xylol- 
balsam. The cells retain their form ; the nuclojw is of a deeper 

blue ihan the rest of the cell, and, while the clear disc at the 

* * 

base of the cilia is particularly well-defined — sharper, in fact, than 
it is in a preparation mounted in .glycerine or Farrant’s solution. 

The goblet cells are particularly beautiful. The contents of 
each cell arc blit slightly stained, while the nucleus is deep blue, 
and the small quantity of protoplasm surrounding it is of a 
lighter blue tint. Often the mucus projecting from the open 
mouths of the cells can be seen. 

If a double stain be desired, steep the stained cover-glass, 
after staining with methylene blue, in absolute alcohol, clarify 
it with oil of cloves in which a little eosin is dissolved, displace 
the clove-oil by means of xylol, and mount in xylol-balsam. 
The nuclei and nucleoli now are blue, the rest of the cell of a 
light coppery or eosin tint. » , 

Safranin also makes a good Stain. The cells retain their 
shape wonderfully, and the preparations made in this way are 
certainly very beautiful. 

Epithelium dissociated by dilute alcohol from any other 
epitheli a? surface may be used. Thus, the columnar and goblet 
cells of the Frogs stomach and of the intestine of the Frog or 
Newt, or the transitional epithelium of the bladder, make re- 
markably instructive and beautiful preparations. Stratified 
squamous epithelium from the oesophagus, c.ry., dissociated in a 
very dilute solution of potassic bichromate (£- ~ per cent), for 
several days, when similarly treated, yields excellent prepara- 
tions which, after beipg heated, may bejsfciinedVith methylene 
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blue, methylene vkVet, or any other suitable dye. The same 
kind of preparation, is readily made with the epithelium scraped 
from the dorsum of the ten'gue or inner surface of the cheek. 

Bone Marrow . — Red bone marnfw is so complex in its 
structure, and its constituents are" so varied in their characters, 
that it is not easy to determine the relation of the one form of 
corpuscle to the other. The red marrow is readily obtained 
from the ribs of a Guinea-Pig or Rat, and if it be examined 
fresh in normal saline solution, bne can see distinctly the various 
forms of leucocytes, imperfectly limned blood corpuscles, large 
cells with a twirled and convoluted nucleus, und the myeloplaxes 
or giant cells. 

PI ace the red marrow in a small test-tube containing some 
normal saline fluid just tinged with methyl green. Shake up 
the fluid to diffuse and break up the red marrow. Allow the 
marrow to settle to the bottom of the test-tube, and spread a, 
film of it between two cover-glasses. Stain and examine it. It 
may be stained in methylene blue or Biondi’s flu i d, and mounted 
in balsam. Aif the different kinds of cells can then be studied 
with great ease. 

Nerve, Ceils . — Perhaps of all the tissues to which this method 
can be applied, there is none in which it yields such brilliant 
results as in connection with the multipolar nerve cells of the 
spinal coid. This method 1 first saw practised by Professor L. v. 
Thanhoffer in 188(1, when 1 waji in Buda-Pesth, and Jus 
remarkably able and beautifully illustrated monograph, pub- 
lished in Hungarian, has unfortunately not been translated into 
German. The results obtained by L. v. Thanhoffer by this 
method are given in a re.stnne published in German. 1 

Th$ spinal cord should be taken from a fresh Jy-ki lied animal, 
preferably a horse, but the spinal cord of a dog, an ox, or sheep 
does admirably. The larger the animal the better, for as a 
general rule the multipolar cells are larger in the larger animals. 
With a sharp-pointed pair of scissors pick out a small piece of 
the grey matter of the anterior cornu, and squeeze it between 
two cover-glasses. „ Separate them as already directed, and 

1 “ Jk-ifriige z. fein. Struciur w d. centf. N ervensy stems, * * Central bln tt f. 
logie, 1SS8. *■ 
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after they are dry stain them in methylene* blue, either a watery 
or an alcoholic solution. I have chiefly u^ed the former, and 
mounted them in balsam. ' The m6thod is so simple and satis- 
factory that it can be usbd with success by the junior student 
of histology. It rarely fails, and one obtains a picture of the 
multipolar cells which it is diilicult to describe. Thej accesses, 
branched and unbranched, of the cells can be traced, many of 
them quite across the field, of the microscope; the nucleus and 
nucleolus are sharply defined, w’hilothe body of the cell cannot 
be described either as* homogeneous or granular, it. is distinctly 
fibrillated, and the fibrils can be seen sweeping through the cell- 
substance in several different directions, and many of them can 
be traced either into the branched processes or axis-cylinder 
process of the nerve cells. * 1 know of no method ydiich yields 

such beautiful and satisfactory results, and is at the same time 

* 0 

so simple in its execution as this o?«*e.* 

Tlmnholler makes another form of preparation which is in 
some respects equally instructive, viz., to heat the thin film of 
nervous matter in the flame of a Bunsen burner' until the film 
becomes brown. The nerve cells are* £? fixed/’ and are slightly 
“browned.” They retain their shape and other characters, and 
present a strikingly beautiful picture in the field of the micro- 
scope. After cooling they arc mounted in balsam. 

It may be objected that many of the aniline colours are 
fugitive, and as a matter ol*faet many of them are. I have had 
in my possession for nearly three years nerve (‘ells stained with 
methy leno*blue, and they seem as good as ever. 

I have, however, found a simple method whereby these cells 
can. be stained by means of carmine and mounted on cover- 
glass preparations. Macerate for one to four or five days* small 
parts of the .^rcy matter of the spinal cord of a freshly-killed 
animal in the following mixture, proposed by Landois, for the 
dissociation of the elements of the nervous system Make 
saturated solutions of neutral ammonium eliminate, poiassie 
phosphate, and sodie sulphate, and take of each, f> c.e., mix and 
add 100 c.e. water. After three or four days transfer the pieces 
Of tissue to a fresh quantity of the mijrt\ire, atul to it add an 
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equal volume of piciv-litliium carmine. After several days the 
nerve cells will b(‘ fpuud deeply stained. Crush a small piece 
of the stained grey-matter* l/etween two cover-glasses. Mount 
in balsam. These preparations show distinctly the shape and 
other characters of the ceHs and tlleir processes, but the proto- 
plasm does not exhibit the striated appearance of the methylene 
blue specimens. 

Blood Vessels. — In the preparations — both the methylene blue 
and the heated ones — of tl V3 spinal cord, the student will find 
beautiful specimens of the smaller blood -vbssels, especially small 
arteries breaking, up into capillaries. Thpscmefchods give more 
satisfactory results, and with loss trouble, than the one usually 
employed, viz., of washing and staining the fine flocauli project- 
ing from the deep surface of the pia mater of the cerebrum. 

Spennalozoa . — It is convenient to select the spermatozoa of 
the Newt and Hat, the former on account of their large size, and 
the latter because of their peculiar shaped head. Dry cover- 
glass preparations are made in the way already described, 
stained in inetiVylene blue, and mounted in balsam. 

Tins is one of the b£st, methods of showing how different 
physically the head is from the tail or cilium of a spermatozoon. 
The heads of the spermatozoa alone are deeply stained with 
the methylene blue, so that on looking at the preparation one 
sees only the bright blue heads. If it is "desired the tail may 
be stained with cosin coloured with plove-oil after deli) drat ion 
in alcohol. 

A very excellent method is to stain the Newt s spermatozoa 
in Biondi’s fluid already referred to. By means of it the heads 
are stained of a reddish purple, the tail red, and the spiral 
filament also red, while the little junction piece, where ••the head 
joins the tail, is red also, but deeper in tint than either the tail 
or the spiral fibre. By this differentiation in staining the differ- 
ences in the physical and chemical constitution of the several 
parts of a spermatozoon are readily demonstrated. The method 
u\ one which is obviously capable of great extension in its appli- 
cation, and it can be applied* with success to the study of other 

organs and tissues besides those mentioned. i} 

* * • * 

(Joumcfi of * Anatomy and Physiology , 1SOO.) 
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Wiikn ox-bile is allowed to stanVl, freely exposed to the air, 
the original green colour soon changes into brown anvl* ultimately 
into yellow, and after a varying interval Gmcliu’s reaction is 
no longer given* that is to .say, the bile pigment is converted 
into a yellow pigment which is*not oxidised by nitric acid into 
bilirubin, biliverdin, and the higher products of oxidation of the 
normal bile pigment. This change is ifcfcnmpanied by putre- 
faction under the conditions described; but it also takes place 
in bile freed from mucin by precipitation with alcohol and then 
evaporated to dryness at a low temperature. Bile Created in 
this way remains free from putrefaction; nevertheless, the pro- 
gressive changes in the bile pigment arc not prevented, and a 
clear yellow mass is ultimately left, the pigment in which does 
not give Gindin’s reaction. 

When bile is electrolysed in a U-tube, or in a vessel in which 
the electrodes are separated by a* porous partition, changes take 
place in the pigment at the negative ‘pole which are not unlike 
the changes produced when bile is allowed to stand. The 
bluish-green or green of the fresh bile passes through yellowish- 
green into golden-yellow, and, if the electrolysis is allowed to go 
further, this ^Ives place to a pale-yellow shade. In the earlier 
stages of the electnilysis reversal of the current is sufficient to 
restore the original colour in the neighbourhood of the cathode, 
but after the electrolytic changes have decidedly developed 
themselves, it may be impossible to restore the pigmct'4 to its 
original state by the action of the positive pole. Even nitric acid 
may fail to oxidise it, and Gindin's test may longer succeed. 

Thus we see that the. same resillt may *be produced by 
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electrolysis in at t hoiugor two, as is produced in months by the 
slower processus at work hi bile which is simply allowed to 
stand — a progressive ehhnge in the bile pigment, which can be 
stopped and reversed in its earlier stages by oxidising agents 
(influence of* the anolle, nitric acid), but which becomes irre- 
versible when it has gone a certain length. Although the gross 
result of the two processes is the same, we cannot infer that the 
processes themselves must be identical. Still, the fact that the 
action of the cathode, *which is certainly, to a large extent at 
least, a reducing action, prod trees similar effects on the bile pig- 
ment to those produced by simple, standing, is an important 
hint jhat the latter are also to be ascribed to reduction. The 
anode has a very distinct oxidising action on the pigment. In 
the earlier stages of the electrolysis this action can Ik; reversed 
by changing the direction of the current ; but when a strong 

~ ^ «, .r> 

or long-continued current has carried the change of colour 
through green and bluish-green to the yellow of the highest 
stage of oxidation, the reducing action of the cathode may fail 
to reverse* the cycle. 

When ox-bile which has already undergone changes by stand- 
ing, so that the colour has become yellow, but which never- 
theless still gives Gmeiiu’s reaction, is electrolysed, the action 
of the anode is able to oxidise the yellow pigment at least to 
the stage of bili verdin. This is true*whether the change in the 
pigment has been accompanied by putrefaction or not. Hut 
where Gmelin’s reaction is' no longer given, whether putrefac- 
tion has been allowed to occur or not, the anode* can no longer 
oxidise the yellow pigment. 

After witnessing the very striking changes which the current 
jyoduces in the colour of the bile pigments, IV turned with 
considerable interest to the spectroscopic investigation ofthe.se 
changes, for I thought it might be possible, if any of the 
products of* oxidation or reduction of the pigments possessed 
well-m;yked .absorption bands, to make a finer analysis of such 
products Ui this way than in any other. It was somewhat 
disappointing then to find that amidst all this play of colour, 
while the Wile pigments w'ere running through the whple gamut 
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of their chemical changes, the hands o£ the bx-bile spectrum 
stood their ground. No new bands appeared*; no old bands 
faded out, with a moderately’ strong cifrrent. It was an ex- 
cellent demonstration that the bands *of ox-bile are not due 
to any of the bile pigments belonging to what we lyay call, 
the normal series. Cholohmmatin must be a substance difler- 
ing much in stability, or at least in resistance to oxidation and 
reduction by the voltaic current, from the pigments .of the 
bilirubin set. With strong currents, oxidation, the action of the 
anode, is that which seems to affect the bile spectrum most. It 
weakens all the bands, Especially that in the red.* * Reduction, 
the action of the cathode, seems on, the contrary to bring the 
hands out more sharply. But tjhis is only in the first stage. 
When the electrolysis is powerful the cathode is no mory favour- 
able to the persistence of the bands than the anode. # 

And in agreement with this we find ttwlt the bands grow in 
strength and distinctness for a considerable time when bile is 
allowed to stand and putrefy, although ultimately, as putrefac- 
tion goes on, they disappear. (See [Experiments L and 2.) 

The bile mils are electrolytes, and in electrolysis of pure 
watery solutions of them an acid constituent is precipitated 
at the anode in the form of long needles. When bile 
is allowed to putrefy Petjtenkoler’s reaction is given* for 
a long time, but ultimately fails. On the other hand, when 
bile is allowed to stand without ■■putrefact -ion, sifter precipitation 
of the mucin by alcohol, and evaporation to dryness, Pci tep- 
kofer’s reaction # is given long after it has ceased to lie given by 
the putrefying bile, and long after (Imelin’s reaction has failed. 
Putrefaction does not seem to affect the fate of the bile pig- 
ment, as we flave seen, except, perhaps, by hastening on the 
final stage. On tl t ig contrary, the breaking up of the bile salts 
is determined by putrefaction. The difference in nutritive 
value, for micro-organisms at least, of the salts and the pigment 
is evident enough. * 

Experiment 1 . — Ox-bile was used. t A current <*f 70 milli- 
ampbres, 10 mil liam pores per squa-re centimetic of section, was 
passed for an hour and a half through undiluted bile. Although 
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it was only 20 hours «since the death of the animal, and the 
weather very erfid, the spectrum (Fig. I, I.) shewed with great 
sharpness three out of the four bands which are generally 
described as being found only in ox bile which has stood for 
some time, and in which deconi])osifcion of the pigment has 
taken* place. The bile seemed perfectly fresh. .But it. con- 
tained much bilirubin, and its colour was yellowish-brown 
rather than green. The reaction was slightly alkaline. At the 
end of the experiment* a Jight-green slimy mass was found on 
the anode, and the reaction was strongly acid. Under the 
microscope ‘the deposit was seen to be amorphous, consisting of 
masses of very fine grannies. It was insoluble in water in 
chloroform and in ether, but. freely soluble in*' alcohol and in 
dilute caustic soda, and gave Gm elm’s reaction. It gave, in fact, 
all, f he reactions of biliverdin. Its alcoholic solution shewed 
the spectrum of Fig. 1, 'IV. When this deposit was filtered off 
f rom the liquid in the positive compartment, the filtrate was also 
light green in colour, gave (Im el in’s reaction, and shewed the spec- 
trum of Fig. 1, II. Dijute acetic acid caused no precipitate in the 
cold, the mucin having been thrown* down by the electrolysis. 
In the cathodic compartment, the colour of the bile was nearly 
the same as it was originally, but there was less green in it. 
There was no depositor! the cathode. The reaction was strongly 
alkaline. Dilute acetic acid brought down a precipitate in the 
cold. The spectrum was that of Fig. 1,11 1. In both compartments 
th,e liquid was no longer viscid like ordinary bile. [The spectra 
were mapped with a Zeiss spectroscope with wave-length scale.] 
Experiment 2. — Ox-bile was examined in less than an hour 
after the death of the animal. It showed already the spectrum 
of Fig. 1, VI., by far the best marked band being that over 
C. In 18 hours the spectrum was that of f Fig 1, VII. The 
band between D and E was now very much more distinct than 
at first, and the others were also better marked. In 70 hours 
the spectrum was that of Fig. ], VI lb The band over 0 is 
now much ^weakened, apd there is a narrow band near B. The D 
band is also weakened, while that between D and E is very sharp. 
In live days from « the death of the animal, the weatker being 
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warm, the spectrum was still that of VIII. > In fifteen weeks 
the hands had entirely disappeared. Some of the fresh bile was 
electrolysed for two hours by a current 1 of 70 niilliampcres mean 
strength. The spectroscopic* investigation did not shew any- 
thing essentially different from the results of the last experi- 
ment. There was, however, more biliverdin present to # begin 
with, and the change of colour in the cathodic compartment 
to yellowish green was better marked. There was a. large 
deposit in this compartment consisting of beautiful sheaves of 
needle-shaped crystals, slightly coloured with the pigment, and 
mingled with numerous flumb -bell-shaped crystal* and some 
amorphous material. 

The sheaves, -which seem to bo a constant result of electro- 
lysis, are insoluble in 9o per cent alcohol and in absolute 
alcohol bo tli cold and hot; insoluble in dilute acetic and hydro- 
chloric acids. In strong sulphuric acid «they disappear and are 
replaced by isolated fine needles and granules. They are in- 
soluble in sodium carbonate, caustic soda, and ammonia. The 
dumb-bells are soluble in dilute acids. 

Experiment b. — Ox-bile which had stood for six days, and 
was of a yellowish brown colour, was electrolysed by a current- 
of 4 milliamperes. In nine hours there was a turbid light 
green layer extending down one-third of the length of the 
anodic limb around and below the electrode. In the cathodic 
limb there was no obvious change except a slight turbidity in 
nearly the whole limb. The rest of the tube preserved the 
original eoloun The current was now reversed. In 12 hours 
the upper half of the present anodic limb is light green and 
very turbid. The rest of the limb is clear and greenish yellow. 
In the present cathodic limb the upper two-thirds is yellow, 
with a tinge of red. Immediatly below this is a narrow sharply 
marked-off layer distinctly red. The rest of the tube is appa- 
rently unchanged. The negative electrode has an odour some- 
what like that of trimethylamine, the positive has the, aromatic 
odour of bile. V. in tlie figure shews tlie original spectrum. 
IX is that of the bile in the present cathodic limb immediately 
below the red layer. X is that of the uppermost iayer of the 
present cathodic limb. 
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Experiment 4. — A solution of pure sodium glyoeholate was 
electrolysed by & current of one milliampere. In half an hour 
long needle-shaped crystals begaft to separate out in the anodic 
limb of the U tube, first around the electrode and afterwards 
farther down, till in five hours the whole anodic limb was a 
crystalline mass. The cathodic limb remained clear. The 
crystals, so far as could be made out microscopically, resembled 
glycocholic acid, although there were some which seemed more 
like cholic acid. They* were only slightly soluble in distilled 
water in the cold but dissolved partially on heating. Very 
readily soluble in dilute alkali. Gave Pettenkofer’s reaction. 

Experiment 5. — Pure sodium taurocholate solution was 
electrolysed. Crystals very like tlipse of Experiment 4, sepa- 
rated out at the anode. A much fcirger proportion of the deposit, 
however, seemed to dissolve in cold water. 

r J*lie bile salts then are electrolytes. Pile is therefore an animal 
liquid which does not conduct solely by its inorganic salts. Its 
conductivity is high. The bile pigments are very different. In 
pure solutions they conduct badly, and the changes produced 
in them by electrolysis of bile must bo due to secondary actions. 

Without venturing into the perilous path of the interpretation 
of absorption spectra, I may point out that a spectrum which 
is essentially that of the so-called chololuematin of MacMunn 
may be given by ox-bile examined almost immediately after 
the death of the animal, that this becomes more strongly marked 
when the bile stands, and* that the action of the anode, which 
is so powerful upon the blood pigment, affects*- this spectrum 
chiefly by modifying the general absorption at the ends, shutting 
out the Led and letting through more of the blue arid green, but 
leaving what may be called the fundamental bands of the 
spectrum unaltered. One new band may indeed appear, under 
certain conditions, in electrolysis, immediately to the right of 
B (Spectrum IX.). But Spectrum VIII. shows that this may 
appear ajso in bile which is allowed to stand. 1 

1 Since thembove was written I have seen a, paper by flay craft and Scofield in 
the Zcilsrhrift fur Phi^iofotjisrnc Chcmie , Vol. XLV., 1SU0, p. 7‘», which deals with 
an analogous subject hut on different lines. So far as the two papers overlap, 1 am 
happy to find a substa ntial ag reemeht between our results. r 
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In a recent paper published in the Quarterly Journal of 
Microscopical Science 1 I gave the results of some researches 
on the histology <of muscular fibre.* The present paper is a 
record of my further investigations on this subject. These $tre 
somewhat incomplete owing to want of* time to finish them 
satisfactorily, but several results have been obtained which I 
trust are worthy of publication. 

In order to render the questions dealt with more intelligible 
the summary of results arrived at in the former paper is repro- 
duced. 

Stem unary of Former Paper. . 

1. Tn all muscles which* have to perform rapid or frequent 
movements a certain portion of the muscle is differentiated to 
perform the function of con traction,. and this portion takes on 
the form of a ycry’ regular and highly modified intracellular 
network. 

2. This network, by its regular arrangement, gives rise to 
certain optical effects which cause the peculiar appearances of 
striped muscle. 

3. The contraction of the striped muscle-fibre is probably 
caused by the active contraction of the longitudinal fibrils of 
the in tra-cellular network ; the transverse networks appear to 
be passively elastic, and by their elastic rebound cause the 

1 “ Observations on the Structure and Distribution of tripod and Un striped 
Muscle in the A nimal Kingdom, and a Theory of Muscula? Contraction,” Quart. 
Joum . Mies. Sri-., 18S7. 
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muscle to rapidly resu.me its relaxed condition when the longi- 
tudinal fibrils have ceased, to contract; they are possibly also 
paths for the nervous’ impulses. ' 

4. In some cases where muscle has been hitherto described 
as striped, but gives no appearance of the network on treatment 
with, the gold or other methods, the apparent striationis due to 
optical effects caused by a corrugated outline to the fibre. 

5. In muscles which do not perform rapid movements, but 
where contraction is’ comparatively slow and peristaltic in 
nature, this peculiar network' is not developed. In most if not 
all of the 'invertebrate vmstriped muscle there does not appear 
to be an intra-cel lular network present in any form; but in the 
vertebrate unstriped muscle 17 network is present, in the form of 
longitudinal fibrils only this ' possibly represents a form of 
network intermediate between the typical irregular intra- 
cellular network of other cells and the highly modified network 
of striped muscle. 

6. The cardiac muscle-cells contain a network similar to that 
of ordinary striped muscle. 

Discussion of the Views of Decent Observers. 

Before commencing the subject-matter of this paper I propose 
to discuss the results arrived at by several recent observers 
concerning the structure of muscle-fibre, and also some of the 
criticisms which have lately appeared concerning the existence 
of an intra-cell ular network in striped muscle. 

The most important paper to discuss is that of Rollett. 1 He 
considers the muscle-fibre to consist of longitudinal fibrilhe 
grouped together into “muscle-columns,” the cross-sections of 
which correspond to Cohnheim’s areas. Filling up the spaces 

between the muscle-columns is the intcrfibrillar material or 

• « 

“ sareoplasma.’’ Each muscle-column consists of alternating 
thick and thin segments ; in the centre of each thin segment 
is a darjc granule. The thick segments of the muscle-columns 
correspond, to “ Bowman’s sarcous elements,” and the dark 
granules in the. centre of the thin segments correspond to 

1 A rfh . f. Mitir. An at., 188$, pp. 233 -2(>5. ) 
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“Krause’s membrane” or the “transverse network” (Fig. 13 
and diagram B). ^ $ 

The sarcoplasma is the part which is stained in gold prepara- 
tions. In short, Rollett Regards the appearance of gold 
preparations as due to the staining of’ the sarcoplasma, and 
considers this to be a honeycomb of interfibril lar material, and 
not a true intra-cellular network. 



The latter portion of llollett’s paper is devoted to an 
elaborate criticism of the network view of the structure held 

* 4 » 

by Melland, Van Gehuchten, Carnoy, and myself. Mo states 
that what we describe as the fibrils of the network are only 
transverse and longitudinal sections of the walls of the honey- 
comb or sarcoplasma. (“ Was beide Autorcn an diesen a Is Faden 
beschreiben sind nur Quer- oder Langssclmitte dor Wande des 
Wabenwerkes, welches das Sarcoplasma um die Muskelsaulchen 
bildet,” p. 2o2). ^ , 

He describes the appearances seen in fresh muscle-fibre as 
follows : — At, low focus (diagram (B) the muscle columns appear 
dark and in a line with the granules, the sarcoplasma appearing 
light. At high focus (diagram A) the sarcoplasma appears dark, 
the muscle-columns light, and two rows of granules appear in a 
line with the sarcoplasma and alternating with the inusele- 
ool nmn s ||) L l - He states that the dark lines drawn by Melland 
joining the dark granules are only parts of the optical longi- 
tudinal sections of the walls of the sarcoplasma and are only 
seen at high focus; and that they do not lie '•in a line with the 
dark granules, but alternate with th6m, the* dark granules being 
o 
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only seen at low 4, focus,. The granules which appear at high 
focus he considers to he thickenings of the sarcoplasm a. 

The above diagrams, modified from Rolletb’s figures, will 
make these points clearer. Diagram B represents the appear- 
ance at low focus, and diagram A the appearance at high focus 
according £o Rollett. In B the muscle-columns appear dark 
and the sarcoplasm a light ; in A the sarcoplasma dark and the 
muscle columns light. 

In the same way he states that the rows of granules seen in 
gold preparations are thickenings of the sarcoplasma lying 
between thedhin segments of the muscle-columns, and that the 
true rpw of granules which correspond to and are parts of the 
muscle-columns are only seen at low focus, and then do not lie 
in a line with the dark lines?, but alternate with them. 

He describes the same appearance at low and high focus in 
hardened muscle, and -states that Melland and Van Gehuchten 
place the granules alternating with the muscle-columns, whereas 
they are really in a line with them. 

In short,' he concludes that a network does not exist, and 
that the appearances described by Melland, Van Gehuchten, 
and myself are due to errors in the interpretation of microscopic 
appearances and confusion of high and low focus (“ Ich komme 
also zum Resultate dass ein Netzwerk im Sinne von Mellanc^ 
Marshall, mid Van Gehuchten und ein Enehyleme im Sinne des 
Letzteren in der quergestreiften Muskelfaser nich existirt” 

p. 262). 

In answer to this criticism I venture to make the following 
observations. 

1. If the appearance of the network in fresh muscle is due 
to the optical appearance of the “sarcoplasma" at high focus, 
there must always be a double row of granules — one on 
each side of Krause's membrane, (i use this term for the sake 
of convenience, and take it to 4 represent the row of dark 
granules pf Rollctts muscle-columns, and the row of granules 
of the transyerso network of Melland, &c.). 

2. if the granules seen at high focus in gold preparations are 
thickenings 1 of the sarcopvasnia stained by gold, there must 
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again be a double row, one on each svle of* the true row of 
granules which are only seen on the, low focus, «xnd further, the 
former rows of granules must alternate* \Vith the latter. ( Vide 
diagram A.) Although I liave examined several hundred 
preparations of muscle-fibre, I have never seen two rows of 
granules in any gold or fresh preparation, nor have I seen any 
change in the position of the granules at high and low focus. 
The granules have always appeared to me to be in a liry* with, 
and connected with the longitudinal lines of, the network (or 
“ sarcoplasm a ” at both high and do w focus. 

3. Rollett states that ’the “ sarcoplasma ” is a houdycomb, and 
that the appearance of the network is due to the optical sections 
of the walls of that honeycomb. Jf this is true, I do not under- 
stand why there is never any a’ppfca vance of honeycomb struc- 
ture in finely teased preparations, whereas isolated pieces of 
network are easily obtained. Moreover, one preparation 
obtained by Melland is, I think, almost conclusive in favour of 
a network (Fig, 15). 

4. According to Rollett, the “ muscle-columns *’ are the 
essential parts of the fibre, and the “ saicoplasma ” is simply 
interfibril liar material ; we should therefore expect the hitter to 
be least abundant in the most perfectly developed muscles. 
Now, in insects which possess the most powerful and most 
rapidly contracting muscles of all animals, the part stained by 
gold is more strongly marked than in other animals. This seems 
to point to the fact that it is the most essential part of the libj'c 
and not interfibrillar material, and is therefore in favour of the 
network view.* 

5. Again, in developing muscle-fibre I have shown that the 
network is present but only demonstrated with difficulty*; 
whereas if it were inert interfibrillar substance, one would 

• t* 

expect it to be relatively more abundant in the embryonic fibre. 

(3. If, as I have attempted to* show, the nerve-ending is con- 
nected with the part of the fibre stained by gold, th : *$ again 
points to the latter being the essential 4 portion of •the fibre; 
while if Rolletts view is correct, we should expect the nerve- 
ending to, be connected wifji the muscle-columns. 
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7. The apparefit collection in some cases of the network 
with the in tra nuclear network of the muscle-corpuscles is in 
favour of the netw ork ' view. 

8. Lastly, the network view places the muscle-cell on a basis 
of comparison with other cells having intra-eellular networks, 
whereas all other views of the structure are at variance with 
such a comparison. 

l)r. Klein 1 adopts Rollet^s view in the new edition of his 
text-book, and states* that “ the reticulation described by 
Melland, Marshall, and others, is due to the coagulation of the 
sarcoplasma* brought about by certain hardening reagents.” 

- Dr* Michael Foster apparently holds the same view of the 
structure in the new edition of his book,' 3 for hef states that the 
muscle-substance is composed'of 'longitudinal {ibrilkr, embedded 
in bitertibrillar substance which stains with gold, and hence 
appears as a network/ 'lie says, “The in ter fibrillar substance 
is relatively to the fibril las more abundant in the muscles of 
some animals than in those of others, being, for instance, very 
conspicuous in the muscles of insects, in which animals we 
should naturally expect the less differentiated material to be 
more plentiful than in the muscles of the more highly developed 
mammal.” 

Now, I think I am right in saying, that the muscular system 
of insects is the most highly developed in the animal kingdom; 
certainly the miiscles are far more powerful in comparison with 
tlio size of the animal than in mammals, and among insects are 
found the most rapid movements. It therefore “appears to me 
that the fact of the. mesh work being more conspicuous in the 
muscles of insects is strongly in favour of its being the active 
phrt of the fibre, and not of the nature of interfibnllar substance. 

I shall next give a resume of the results of some recent 
observers wdio are in favour of the existence of a network. 

Van Gehuchten 3 has describecf a network in striped muscle 

t 

1 “ Elements of Histology,” p. 76. 

2 “ Text-book of Physiology*” vol. I, p. 91. 

3 * c Etude sur la structure in time de la cellule musculaire stride,” Extrait de la 
Revue La CeU'.Jc, t. IP. 2 fascicuL Louvain, Gaud efc Liege, 1886. 
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similar in most respects to that described by § Melland, myself, 

and others, but differing in some details. l# 

° » • , 

Carnoy 1 also adopts the network view, and remarks that “ La 
cellule musculaire est une cellule ordiniyre dout le reticulum 
s’est regularise, et renchyletne charge de myosine.” § * 

Haswell 3 has recently published an important paper on this 
subject. His observations were made on the gizzard of various 
species of Syliis, where he claims to* have found very primitive 
forms of striped muscle. # He divides striped muscle into simple 
and compound types, the simple 'type showing only transverse 
striation, not due to network; the compound both transverse 
and longitudinal. These two types* correspond to wluit I* havfc 
termed true and false striation; the characteristics of the com- 
pound or true striped muscle being ns follows : 

1. Each fibre consists of a bundle of libril;;. * 

2. Each fibre is composed of two alternating series of aniso- 
tropous and isotropous segments, the former of which are more 
easily stained than the latter. 

3. Running across the fibre in the middle of each isotropous 
segment is the transverse network, or Krause’s membrane. 

4. Between the fibrils run the strands of the longitudinal 
network. 

5. Each fibre is formed, fvom a single cell, the nucleus of 
which divides and forms “ a multi nucleated protoplasmic body, 
by modification of whose protoplasm the muscle substance and 
networks are formed ” 

He states that in these animals the elements of the fibre are 
on a larger scale than in Vertebrates and Arthropods, and are 
hence favourable for the study of the structure of muscular 
fibre, which “ seems to lead to that view of the structure *of 
compound striated* fibres advocated by Retzius, Bremer, Midland, 
C. F. Marshall, and others; the only point of importance in 
which there seems reason for dissenting from that view being 
with reference to the relation of the transverse networks to the 
fibrils.” The chief differences between the network Haswell 


* 4 La Biologic cellulairo,* 1884. 

* Quart. Jo\irn. Micr . 8ci. t 1881).* 
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describes and that described by tlie above observers are these : 
(1) He states that the transverse networks are not only in the 
interspaces between the “fibrils,” but partly also penetrate 
them. (2) The longitudinal networks, though mostly longitu- 
dinal, ljwve oblique strands and anastomoses. (3) The trans- 
verse networks sometimes appear as rows of spindle-shaped 
granular bodies, but in crushed specimens he says these are 
seen to consist of a close reticulum of delicate threads, the 
spindle bodies being coin] eased parts # of it. (4) The distance 
between the transverse networks is much greater. 

Has well regards the “fibrils” as the contractile part, and not 
the network. 

I shall refer to Haswelfs observations agaifi in the subse- 
quent portions of this papei? 

Am B. Maealluin 1 has published some interesting observations 
dealing with striped muscle. He confirms the existence of the 
network of Retzius, Melland, and others, and considers it the 
contractile part of the fibre, lie states that the muscle -nuclei 
are marked by furrow*, sometimes transverse and sometimes 
longitudinal, and that these arc probably caused by pressure of 
the trabecuhc of the network. He also states that in some 
nuclei there is {in intra-nuelear network similar to that of the 
fibre 'itself. 

It thus appears that the view of the existence of a true 
intra-cell ular network in striped mnscle-fi hre has received 
much support, and has been confirmed ,by several recent 
observers; and that the view held by Rollett and others that it 
is interfibrillar material has not sufficient evidence for it to be 
accepted. I shall therefore, in accordance with the results of 
R&tzius, Bremer, Melland, Carnoy, Has well, Maealluin, and 
myself, assume that the former view represents the true struc- 
ture of striped muscle. 

The present paper dealt with tlie following points : 

1. The. connection of the transverse networks with the 
muscle corpuscles. f 

1 £l On the Hucloi of the Striated Muscle- libre in Menobranchus,” Quart. Journ , 
Micr. Sci. 9 188?. 
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2. The development of the network. • 

The connection of the nerve-ending with' the network. 

* » ° 

Connection of Network with J I uscle-eovp u sales. 

§ 

It was shown by Retzius 1 that the transverse por^ioras of the 
muscle network were directly connected with the muscle- 
corpuscles. He states that the protoplasm of the muscle- 
corpuscle is produced into severa!* processes from which finer 
processes arise fori ni ng # the transverse networks. Retzius’ 
results were obtained by a modification of gold staining. The 
fresh muscle-fibre was first placed in a 1 per c eh£ solution of 
formic acid for a few seconds, thxm in gold chloride 1 * per 

cent for twenty-five minutes, fell on in formic acid 1 per cent, 
and exposed to light for 10— -0 Ik Airs. * * 

By a special method of staining 1 have bean able to confirm 
Retzius’ results, and have made specimens showing the un- 
doubted connection of the transverse networks with the muscle- 
corpuscles. 

Method of Preparation. — The method pf staining I adopted 
is a modification of that employed by Mays for demonstrating 
nerve-endings in muscle, lie uses the following solution ; 

Arsenic acid J per cent .... *20 parts. 

Bold chloride 1 per cent . . . 4 „ 

Osorio acid 2 per cent . . . . 1 ,, 

This solution, although it pres or tes the nerve-endings disin- 
tegrates the ir/usele-iibre. This 1 found was due to the arsenic 
acid. .1 therefore tried various strengths of acetic and formic 
acid in place of the arsenic, and found the Rest combination was 
the following : 

Acetic acid 4 per cent . , . ^0 parts. 

Gold chloride 1 per cent . « « 4 „ 

Osmic acid 1 per cent . • • . 1 ,, 

The muscle-fibre was placed in this solution for fifteen 
minutes, after previous immersion in Acetic acid T per cent for 

1 “Zur Kenntniss der quergestreiftoii Muskelfas(lt^ ,, BiHoytsche infer- 
such tinge 4, 1881. ‘ * 
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m few seconds; tlfen in* acetic acid 1 per cent in a warm 
chamber for one <*: two hours. 

1. Di/tiscus . — Fresh rhusel e-fibre of Dytiseus stained by the 
above method shows the" muscle-corpuscles in the form of one 
or more chains of nuclei in the substance of the fibre, the nuclei 
being surrounded by a small amount of undifferentiated proto- 
plasm. The transverse networks are seen directly continuous 
with the*nuclei. This is welj. shown in Fig. 1. Fig. 2 shows a 
portion of fibre with two*rpws of muscle nuclei ; the transverse 
networks are seen to be connected with both sets of nuclei in 
some places. 1 Fig. 3 shows several isolated nuclei with the 
transverse processes attached .to them. 

Transverse views of the network and nuclei arc more difficult 
to obtain. « Fig. 4 shows a« transverse view, of an isolated 
nucleus, with part, of the transverse network connected with it. 

2. Dragon-jly . — The iiiusclc-cch-puscles of the rnuscle-fibre of 
the dragoii-ily are situated peripherally, i.e. } just under the 
sarcolemma, contrary to the general rule in insects. 

In one preparation gf.this muscle I could trace the transverse 
networks into the muscle-corpuscles; and, moreover, the net- 
works appeared to be distinctly connected with the intra- 
nuclear networks of the muscle-corpuscles (Fig. 5). 

3. (Crayfish. — In a preparation of* crayfish muscle prepared 
by Retzius’ method I could apparently trace the connection of 
the muscle network with that' of ‘the muscle-corpuscle. In this 
case f jt was somewhat difficult to tell whether , the effect was not 
due to the network lying over the muscle-corpifsclc ; but by 
careful focussing I think the connection could be made out 
(Fig. (>). 

These observations confirm Retzius' results, viz., that the 
transverse portions of the njusele network five directly con- 
nected with the nuisclercorpuscles; and, furthermore, that the 
network is directly continuous with the intra-nuclear network 
of the corpuscles. 

ti j 

Development of the Network. 

This I have studied in embryos of the trout and rat. * 
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Trout . — In some gold preparations* of erflbryo trout, taken 
from the ova, 1 found developing muscle-fibres in an early 
stage. These consisted of a portion of undifferentiated proto- 
plasm containing the nucfeus, and apportion already trans- 
versely striated. Under a comparatively high power the 
transversely striped portion showed darkly stained masses of 
an ellipsoidal shape arranged side by side, and causing the 
appearance of striation. Under a»very high power (»V immer- 
sion) the network conk} be seen betyv&m these darkly stained 
masses, and in the same form In which it appears in the adult 
fibre. The dark masses * appear to be some substance altered 
by the method of staining, and shrunken in the meshes of the 
network (Figs! 7, 8, and 9). No connection was seen between 
the network and, the nucleus. • * » 

In older fibres the network is more fully developed, be#t still 
no connection appears to exist between the nuclei and the 
network (Fig. 10). 

Hat — In developing muscle-fibre from the embryo rat the 
fibres consist of an axial core of undifferentiated protoplasm 
containing the nuclei, and a peripheral part with developing 
network. Here, again, no connection was observed between 
the nuclei and the network. 

It thus appears that-—, » 

1. The network appears at a very early stage. 

2. It develops in its permanent* form, and i's not produced by 
the transformation of an irregular network into the adult type. 

;3. Each muscle-fibre is probably developed from a single 
cell, and is dot formed by a coalescence ojf cells, either end to 
end or laterally (as Calberla 1 states), because the fibres of trout 
muscle examined were evidently single cells, and had the fret- 
work well developed. It is difficult to conceive that these 
become fitted together, either end to end or laterally, so 
that the network of one cell should exactly fit on to that of 
the next. * 

4. The network develops centripetally, and commences at the 
part of the cell farthest away from the iyicleus ^ moreover it 

1 1 Arch f f. mik. A nut., XI, 



218 


C. F. MARSHALL 


docs not appear to*' become connected with the nuclei till tbe 
fibre is fully developed. * 

Ha. swell/ from lii.s observations on tbe muscle of tbe gizzard 
of Syllis, forms a view of the ontogeny of stri ped muscles which 

does not agree with that described above. 

* 

In the same organ, in various species of Syllis, lie iinds in one 

case bundles of noil-striped fibres; in another, compound hollow 

striated fibres, consisting of ^bundles of fibrils similar to the 

above, and bound together by a single transverse network. In 

a third there are three transverse 'not works, and so on up to the 
, . * 1 
fully developed *type of striped muscle found in Vertebrates and 

Arthropods. He therefore regards each striped fibre as derived 

from a bundle of 11011-striped fibres. He thinks the transverse 

network probably the equivalent of a transverse line of nuclei 

of the «un. striped fibres, which occupies a similar position. 

If this is correct each striped fibre must be a multicellular 

structure, and the network intercellular, and not intra cellular. 

However, in another part of his paper he speaks of each fibre 

being formed from a sipgle cell, the nucleus of which divides and 

forms “ a multi nucleated protoplasmic body, by modification 

of whose protoplasm the muscle-substance and networks are 

formed.” 

Connection of Nerve-ending with Muscle Network. 

Nerve-endings hniy be divided into two main types, the 
circumscribed and the diffused form. Between dh esc types there 
arc many intermediate forms, as shown by Kuhne in his classical 
work on “ Nerve- Endings .” 2 The nerve-endings in the muscle 
of the snake form a good example of the circumscribed variety. 
Her 8 we have a localised end-plate, compact and non-ramifying. 
This is also the common type in mammalian mmlc. In Dytiscus, 
on the other hand, we find the diffuse form, which branches 
and ramifies nearly to the end of the fibre. 

In each Vase the nerve-ending, when stained by any of the 
gold methods; is seen to consist of a slightly stained ramifying 

Lor. c-it. * * , 

2 “ Unterpaclimigon iiber in6cprische N er v e non di gai ; : g . ’ 7 Zeit . /. Biol., Bell XXLIL 
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portion, with darkly stained irreguJar nfasses between the 
branches of the lighter stained portions. The lighter stained 
part appears to be continuous with the Axis-cylinder of the nerve. 

In attempting to demonstrate a* gonneetion betweeu the 
nerve-ending and the muscle-network there is grcat # difficulty, 
because the methods which best show the nerve-endings usually 
disintegrate the muscle-fibre and destroy the network. The 
best method of obtaining the nevve-endings is that #em ployed 
by Mays 1 and also, with modificatic/ns, by Ivuhne, 2 viz., the 
mixture of arsenic acid, gold chloride, and osmic acid mentioned 
in the first part of tins paper. But this method Visually destroys 
the network, owing to the action, of the arsenic acid. wVnofrher 
difficulty arises from the fact that the connection, if it exists, 
must take place. .underneath the nerve-ending, and hence in the 
normal position of the parts it could hardly J>e seen. , 

Dytiscus. — In one preparation of Dytiscus muscle prepared 
by May’s method I succeeded in finding a portion of fibre with 
the network still intact (Fig. 11). A portion of w thc ramifying 
nerve-ending is seen crossing the fibre ^transversely ; both the 
fibre and nerve-ending are stretched out transversely more than 
in the normal state. The nerve-ending appears to have been 
broken off from the upper part of the network and tilted over 
to show its inner surface, .which here appears to be connected 
with the longitudinal bars of the network. The upper border 
of the nerve-ending, in the position of the figure, 1 take to be 
the external surface next the sarcolemma, the lower border to 
be the internal surface ; the outline of the latter seems to me to 
point strongly to the fact that it is reallj connected with t lie 
longitudinal bars of the network. 

Crayfish . — In preparations of crayfish muscle there are fre- 
quently found what I may, for want of a better term, call 
“ streaks ” of slightly stained matter usually crossing the fibre 
transversely. In some preparations these are to be seen dis- 
tinctly continuous with the nerve-fibre going to the muscle, 
and are lienee presumably portions .of the nerve -ending. They* 

1 Zcit. f. Bioloijic , Ld. XX., 1 SS4. 

2 Lor., cit. 
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appear to correspond to ,the lighter stained part of the nerve- 
endings as usually i;een. f 

In several specimens these streaks appeared to be connected 
with the longitudinal bars 'of the netVork, in the same way as 
in the specimen of Dytiscus muscle. Fig. 12 shews one of 
these streaks 'of* nerve-ending connected with the network. The 
reason that these are so much stretched out appears to be on 
account of their connection w^th the network, which stretches 
them with it when it becomes stretched itself. In this figure 
the triangular deeply-stained bodies appear to represent the 
deeper stained' part of the normal nerve-encling. They also 
appear tp be continuous with the network at their apices. 

Although the above results are imperfect, and 'not so con- 
clusive as tljpse discussed in tl*e jpreVious portions of this paper, 
nevertheless it appears to me that the nerve-ending is connected 
with the muscle-net woi*k; and apparently chiefly with the 
longitudinal fibrils of the network. 

A recent paper by Macallum 1 on the termination of nerves 
in the liver ’of Menobranchus has an important relation 
to the above question. He states that he has traced the 
terminal fibrils of the nerves into direct connection with the 
intra-nuclear network of the hepatic cells, and the figures he 
gives seem to place this beyond doubf. This by analogy gives 
support to the view that the nerve-ending of muscle is connected 
with the network;*, and possibly this is the normal method of 
termination of nerves in connection with cells. M 

HaswelLV observations are also interesting in' connection 
with this question. He describes a ganglion-cell at *the end of 
each fibre, and occupying the axis of the fibre. This sends out 
numerous branching processes, which penetrate between the 
fibrils. He states that the core of the fibre is occupied by 
granular protoplasmic material, through which runs a network 
of fine threads, " connected with the Vine branches of the nerve- 
processes oil the ganglion-cell, and with the network of the 
muscle substance.” Special branches of nerve-processcs also 

^ 1 Quhrf t Jo-urn . Micr. Sci March, 188/. 

3 Lor. ciU, „ o 
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ramify oil the surface of the fibrq, and probably enter into con- 
nection with the transverse networks. # 

Hence both Macallum’s and Hitsw ell’s observations lend 
support to the view that the network is connected with the 
nerve-ending. 

Conclusion. 

In reviewing the foregoing observations we are at once met 
by an apparent contradiction, viz., that in the young muscle- 
fibre the network does not appear to be connected with the 
nucleus, whereas the connection is definitely established 
(Retzius, Marshall) in the adult fibre. This at first si ^1 it is an 
absolute contradiction: for, on the one hand, it is difficult to 
conceive that processes originating as outgrowths from the 
nucleus could exactly hit off and fuse with the already formed 
network; on the other hand, it is almost equally inconceivable 
that the fibres should grow into the nucleus. This apparent 
contradiction can, I think, be to a great extent explained. 
Firstly, we must bear in mind that histological *di ffercntiation 
proceeds during its development from without inwards, i c, 
centripetally ; and that the special characters of the adult ceil 
appear first and are most marked at the periphery, i.e. farthest 
from the nucleus. Examples of this rule are seen in the de- 
velopment of epidermic colls, dentine, cartilage, and bone. In 
bone and dentine the processes are not supposed to grow from 
the ceils, but to be formed by the lengthening of connecting 
strands by deposit of new matter. 

Secondly the nerve-ending being on the surface of the fibre, 
and the network also appearing first oil the surface, the con- 
nection between the two can be established from the first ; 
whereas if the network grew out from the nuclei it could only 
be connected with the nerve-ending at a much later period. 
Hence the fibre would be useless till it was far advanced in 
development, because for the network to be of any use it must 
from the first be connected with the nerve-ending. For a new 
structure of any kind to be developed it must al ways have been 
of use from the first, either for its ultimate purpose or for some 
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other. If the network grew out from the nuclei it could hot 
be of use till it got to the nerve-ending, i.e.. to*the surface. 

In considering this point we may imagine that the cell 
divides into " formed and unformed matter” (Beale), the formed 
matter being characteristic of the particular cell. In the case 
of the muscb-fibre the protoplasm divides into network and 
muscle-plasma all along, beginning at the periphery and 
gradually extending to Hie nucleus. We are here met by an 
apparent ’difficulty, for iq muscle-fibre the “ formed matter” 
which is characteristic of the cell t is the fnuscle-plasma, and not 
the network (which is presumed to be Vhe contractile part). 
But the special feature of striped muscle is not the fact that it 
contracts, but the mode in which this is brought about, i.e., the 
rapidity; and this will be a^matter of nutrition which will 
depend on ttie muscle-plasma. Therefore the special feature of 
striped* muscle is probably, the mode of nutrition of its specially 
contractile part, i.e., quick repair. The active network bathed 
in such a ‘fluid is placed in a good position for such rapidity. 

• ^Summary. 

1. The transverse portions of the network of the striped 
muscle-fibre are directly connected with the muscle-corpuscles. 

2. The nerve-ending appears to he connected with the 

muscle- network, and chiefly with the longitudinal bars of the 
network. t e f 

3. The development of the network takes place at a very 
early stage in the development of the fibre, and Abe network 
develops from the first in its permanent form. 

4. The network develops first at the surface, and grows cen- 
tripetal ly. It does not appear to be connected with the muscle- 
corpuscles till the fibre is fully developed. 

5. Each muscle-fibre appears to be develop ell from a single 
cell, and not by a coalescence of cells*- 

The investigations described in this paper were carried on in 
the Physiological Laboratory of Owens College during the 
winter of 1887. A$y thanks are due to the Council of the 
College for a special grapt to enable me to carry on the research. 
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DESCRIPTION OF PLATE, 

Illustrating Mr. C. F. Marshall's pa|.»er, “Further Obser\4itions on 

the Histology of Strip»d*Muscle.” 

<► * 

[The main details were*dr^\vn under the camera in al] the Figures. | 

Fig. 1.' -Muscle-fibre of l )yt iscus, showing transverse networks con- 
nected with m Aside corpuscles. J he longitudinal bars of the net- 
work are omitted for the sake of distinctness. Ith ohj. Acetic acid, 

« • a # 

osmic acid, and gold chloride. 

Fig. 2. — Portion of another fibre, with transverse*! lot works conti ec ted 
with two rows of muscle corpuscles, ^tli immersion ohj. Same 
method. 

Pig. 3. — Three isolated muscle-corpuscles of Dytisous* muscle, with 
transverse networks attached. ^th immers’idn ohj. Same method. 

Fig. 4 .----Muscle-corpuscle of Dytiscus, with portion of tfhin averse 
network connected with it. Transverse view. Cold preparation. 
-Pth immersion ohj. • 

Fig. 5. — Mu sole- fibre o? r Agon-fly, showing two muscle corpuscles 
with their intra nuclear network. Some of the transverse networks 
are seen to be connected with the* in lYa nuclear network of the upper 
corpuscle. ^th immersion ohj. Acetic acid, osmic acid, and # gold 
chloride. * # 

Fig. (>. -Muscle-corpuscle of crayfish, with portion of the muscle 
network apparently connected with its intra-iuiclear network. j^th 
immersion ohj? « 

Figs. 7 and 8. —Developing muscle-fibres of trout, showing striation. 
n. Nucleus. jVh immersion ohj. Acetic acid 2 per cent, a few 
seconds; gold chloride one per* cent, fifteen minutes ; formic acid 25 
per cent, thirty miuut.es in warm chamber. 

Fig. ( J. — Portion of the striated part of one of the afmve fibres, 
showing the network and the darkly stained bodies fn its meshes, 
•oh th immersion ohj. 
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Fig. 10. — More fully developed fibre of trout. ?i. Nucleus. ,tHi im- 
mersion obj. 

Fig*. 11.— -Muscle-fibre of Dytiseus, with a portion of nerve-ending 
apparently connected with the longitudinal bars of the network. 1 1 <T tli 
immersion obj. May’s method. 

Fig. 12 . — Muscle of crayfish, showing a “ streak ” of nerve-ending 
apparently connected with the longitudinal bars of the network. -Lth 
immersion obj. Iletzius’ method. 

Figs. 13 and 14. -Diagrams comparing the view of Kollett- and 
others with the network.* In Fig. 13 the structure, according to 
Ivollett, is marked in, full, lines, and the networked marked in dotted 
lines. In Fig. 1 4 the thick segments of Rollett’s muscle columns are 
shown by dotted lines in the meshes of the network, n. Network. 
n. Muscle-columns. //. Granules. 

Fro. If). — Portion of muscle-fib . e of Jjytisc-us, showing network very 
plainly. One of the transverse networks split olf, and some of the longi- 
tudinal bars are shown broken off. (Copied from Mclland, (or. cU Fig. 6). 

[ Note . — hi Figure 13 the lines connecting the thick parts of KollctPs 
muscle-columns should be much thicker. They represent the thin 
segments of the columns]. 
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WILUaM STIRLING, M.D., Sc.D., 

Hrackenbury Professor of Physiology and Ff^sif)logy in Tho Owens ( ’ollcgc. 

Dry Method for Stood- Platelets . — The 1 n efchy 1-violet am l 
osiriic acid methods for obtaining these bodies are well known. 
One of the rpost convenient methods, however, is that of 
.1:1 ay cm. 1 Clean a slide, sterilise # it in the .flame of a Bunsen 
burner, and allow it to cool. Obtain a drop of blood from the 
finger in. the usual way, and rapidly transfer* a little to a slide. 
With the edge of another slide rapidly spread the blood into a 
very thin film on the sterilised slide. Move the slide to and 
fro in the air until the film dries. The whole process should 
not occupy more than four seconds. Cover the film with a 
cover-glass, and cover the edges of the latter with paraffin wax. 
The blood-platelets are readily seen in the dry film of blood, 
amongst the other corpuscular elements. * „ 

Staining of Fihri n *-*Tfi a preparation of* blood Spider's 
purple is frequently used to stain fibrin. A mych better method 
is that of Weigert, although the technique of the process is 
not so simple. # * It* requires a little care, and after one or two 
attempts one readily succeeds. Suppose one has to deal with a 
thrombus in a vein, or a lung affected with acute croupous 
pneumonia. *The tissue is hardened by the ordinary methpds, 
and sections are made say by freezing. Stain a section for a 
minute or two in the following fluid : — 

Gentian-violet (5 per cent]T .... 44 c.c. 

Aniline oil . . . , . . 1 c.c. 

Alcohol (96 per cent) . , . # . . # 6 c.c. 

Place the section on a slide and remove as flinch of the stain 

t 

* 1 Du suny at de ses alterations anatomiquos. Par^, 1889, 
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as possible, by pressing on tlie section — an/1 do this rather 
firmly — several folds of unsized printing paper. Ordinary filter 
paper or blotting paper must not In used, as the fibres of the 
paper adhere to the preparation. Pour on the section a small 
quantity of a solution of iodine (iodine dissolved in water con- 
taining five per cent of potassie iodide). The iodine solution 
rapidly decolorises most of the stained parts. A similar solu- 
tion is used in Gram's method of* staining certain bacteria. 
Remove the iodine solutioh ip the same way as directed for the 
removal of the gentian-violet. 

Pour on the section a mixture of equal parts of aniline oil 
and xylol. This is a clarifying medium, and will clarify sections 
even when, the latter have not -been' previously dehydrated by 
alcohol. Move the fluid over the preparation by tilting the 
slide from side to side, much as a photographer moves a fixing 
fluid on a photographic plate. Remove the clarifying medium, 
and add a fresh supply of the same. It clarifies the section, 
and at the * same time removes some of the dye. As long as 
there is, a trace of white in the preparation, the latter is not 
completely dehydrated. As the aniline oil would ultimately 
destroy the colour of the section, remove with unsized paper 
as before as much as possible of the clarifying reagent, and wash 
the section several times with xylol. Mount the section in 
xylol-balsam ; aP the fibrils of fibrin have acquired a violet 
colour, and the other tissues are either unstained or only feebly 
stained. 

Isolated Epithelial Cells . — The methods employed are ex- 
ceedingly numerous, including dilute alcohol and very dilute 
solutions of chromic acid, or certain of the salts of the latter. 
Every histologist is familiar with the valuable properties of 
Ranvier’s dilute alcohol. Fov epithelial structures, however, 
which are rather thick and dense, -and where isolated cells are 
required for a large class of students, the following plan of 
Schiefferdecjccr 1 is most convenient. It is applicable to all 
forms of epithelium, but is specially valuable for stratified 

1 Zeitschrift f. iris sen. ftlikroskojj., Vol. ILL, p. 483, and Das Mikro^kap. u. d. 
Me t!i odea . , &c., by "Jidirons, 4 Kossel, and Schiefferducker, llraunschweig, 18811. 
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, squamous epithelium, e.g., of skin or mucous jjiembranes. After 
experimenting with a great variety of tissues covered with 
stratified squamous epithelium, I find ih;it the hard pad on the 
jaw of the sheep or ox answers admirably. Epithelial cells of 
all shapes, and prickle cells as Well, can be readily isolated by 
the method. I am in the habit of isolating th<* cells, and 
keeping them when isolated in glycerine jelly. The cells may 
be stained beforehand, and kept ready stained ^ in glycerine 
jelly. A drop of the glycerine jelly, \\hen melted, contains a 
large number of isolated* cells. # , 

Make a cold watery Extract of the " pancreaticyai siccum ” of 
Dr. Witte, of Rostock. This is supplied in commerce as a 
greyish-brown powder, which has marked digestive properties. 
It is prepared from the {umcreag, and contains the same 
enzymes as the pancreas itself. Filter the extract, and into it 
place small pieces of the object to lie digested. Cover the 
vessel, keep it at a temperature of o7° to 38° C. for three or 
four hours. Wash the tissue in water, and preserve it in a 
mixture of equal parts of glycerine, water, and alcohol (J)fi per 
cent.). After it has been macerated for a short time in this 
fluid, on scraping the surface isolated cells are detached, and 
can readily be examined, as they are, or after being stained by 
any of the staining reagents in ordinary use. * , 

Milos is in the Stdama'fhder . — Considering the importance of 
mitosis, and the fact that the process is described in every text- 
book of histology, one would think that a. practical acquaintance 
with the various appearances should be within the reach of 
students. It is well known that the young stamens and unripe 
ovaries of certain plants yield excellent lAitotie figures, and 
such tissues may be used. In some respects the study of Jhe 
process is more difficult in animal textures. Keep the young 
of the Salamander 'until they are 1 to 11 inch in length, but 
they must be well fed, else #the mitotic figures are not well 
developed. Harden them in one-sixth per cent, chrqmic acid, 
or Flemming’s mixture. Make transverse sections across the 
tail, so as to include the epithelial covering. #Fix the sections 

on a slide with anv of the recognised “fixatives/ e.y. f oil pf 

* ■* ° » 
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cloves and collodion, or white of egg and glycerine. St-airt the 
sections in saffraVin, treat them with acid-alcohol, and mount 
thorn in balsam. In almost every section the student will 
obtain nuclei in various phases of* mitotic division, so that in a 
few sections he will possess nearly a complete cycle of mitotic 
changes. 1 

For surface views the epithelium covering the gills or cornea 
of the young Salamander anj also to be recommended. 

Mitosis, however, is not so re adily demonstrated in mammalian 
tissues, partly because the histological Moments are smaller, and 
therefore it requires a much higher pywer to sce the changes in 
the nuclei. In the amnion of the Rat, however, as pointed out 
by Solger, 1 mitotic figures are # fairly readily obtained thus: — 
The uterqs is cut out of a pregnafit’ white vat just killed, and 
placed in a saturated watery solution of picric acid. The uterus 
is opened under the 'picric fluid, and the amnion liberated. 
The whole amnion is hardened for twenty-four hours in 
picric acid, and after thorough washing with alcohol, it is 
hardened in the various strengths of alcohol (beginning with 
70 per ?ent), and the membrane is then stained with Ehrlich's 
acid, hrematoxylin, diluted one-lmlf with water, and mounted 
in balsam. In this preparation the mitotic figures are fairly 
readily seen, but they are neither so large as in the Salamander, 
nor so small as those in the spleen of lymphatic glands. Still 
the mitotic figures are of fail; si^e, the interval between the two 
polos of diaster being 0*0lo22 mm. The amnion is sufficiently 
large to enable one to get a considerable number, of preparations 
from a single foetus. The length of the foetus frgm which the 
amnion is taken sh&uld be about 1*8 cm. to 2 cm. The mitosis 
shown here is in the epithelial cells covering tlu> amnion. I 
have had the privilege of inspecting Professor So Igor's prepara- 
tions, and on repeating the process I find if to be one quite 
within the range of subjects that may be given to advanced 
students />f histology. 

Method of Ma rt t iiolti and Reset jotti for Mitosis . — The tissue, 
a rapidly growing tumour, a freshly excised wart or 
* “ Saugotliier-’Mitoson infhistolog. Kursus.,*’ Spiultze’s Archie, XXXJII. p. 517. 
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papilloma, are hardened in absolute alcohol. Stain the sections 
in a watery solution of saffranin. /The decottrisation in, this 
method is accomplished by mrfans of a hydro-alcoholic solution 
■of chromic acid, made by adding eight pjirt-s of alcohol to one 
port of a one-tenth per cent, solution of chromic acjd. By 
exposing the section for a short time to the action of this fluid, 
all the parts are decolorised except the chromatin fibrils of the 
nuclei. The sections are clarified in oil of bwganjot and 
mounted in xylol-balsam. The complete process is the 
following: — The tissues are fixed *in absolute alcohol. The 
sections are stained for five minutes in a satuHited watery 
solution of saffranin, and arc then transferred to the bydr?- 
alcoholic solution, of chromic acid to differentiate the colour. 
The sections roYmyin in this fluid for a bout, one ruinate or loss, 
and are then dehydrated and clarified, as already described^. 1 

By this method the chromatic filaine’nfs and the nucleoli are 
coloured of a bright rosy tint, while the protoplasm and inter- 
cellular substance remain uncoloured. Besting nuclei are 
feebly stained of a- pale rosy tint. The hy/h-o-aleoholic chromic 
solution should be prepared each time it is required. * 

Resogotti has studied the action of a large number of* aniline 
dyes on mitotic figures. The best results, with tissues hardened 
in absolute alcohol, ar? obtained by double staining 'with 
methyl-violet or dahlia with eosin or acid fuchsia The sections 
are first stained in a weak solution of methyh violet, and then 
in a very dilute alcoholic solution of cosin. In this process, the 
chromic acid differentiating medium is omitted. 2 , 

Methods of'Staiu'mg Elastic Fibres . — Considering the great 
importance of elastic fibres in the structure of so many organs, 
it is not to l5e wondered at that many methods have teen 
proposed for facilitating the study of this tissue. Some years 
ago, relying on the indigestibility of elastic fibres by gastric 
juice, I devised a method of u artificial digestion, avIi ereby the 
whole fibrous tissue was dissolved by a peptic digestive fluid, 

1 u Ultoriori esporit-n/c sulla ooloraz. d. figure ftmociout/ 1 t.iibruulc della .11, 
Acead. di Med., ) S.SS, Nos. (I, / . * 

* “ Uji metodo por rondure ovedonti le tig. -tf-ariocmet, 5 ' by (d 1 * Murtmotii and. 
L. Resegotti, Zci ■!*./. tvis il//7.v*.>\ , IV. p. 32‘j. # 
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leaving the elastic fibres unaffected. 1 Others have gone on a 
different principle, notably Unna, 2 Lust^arten, who used 
Victoria blue (24 hours), 3 Martinotti, and Herxheimer. I have 
tried all the recently d^sbribed methods, but the two which seem 
to yield, the best results are those of Herxheimer and Martinotti. 

Herxheimer s Method for Elastic Fibres — Sections of a 
tissue or organ containing elastic fibres, and previously hardened 
in M idlers s fluid, are placed for a few minutes in an alcoholic 
solution of hematoxylin, to which is added a few drops of a 
saturated solution of lithium carbonate. The sections become 
quite black, and are transferred for five to twenty seconds to 
dilute' tincture of perehloride of iron. This rapidly decolorises 
all the tissues except the elastic fibres, which remain of a 
blackish or bluish-brown tint'. jfhe sections are mounted in 
xjdof -balsam. This method is very good for arteries and for 
the elastic fibres in* the trachea and bronchi, and also for 
the elastic fibres of the cutis vera. 

G. Martinotti 1 s Method for Elastic Fibres . 5 — This seems to 
me to be one of the best methods for staining elastic fibres. The 
tissue or organ i.s hardened in '2-”2o per cent, chromic acid, 
and afterwards in alcohol. Sections, after thorough washing, 
are steeped in an alcoholic solution of saffranin — 0 for twenty- 
four or forty-eight hours or longer, in fact, they take no harm 
from prolonged immersion in saffranin, as any surplus dye can 
be washed out of the section by means of acid -alcohol, i.e. t 
alcohol containing 1 per cent, of hydrochloric^ acid. The solution 
of saffranin used is 5 grammes of saffranin dissolved in 100 c.c. 
alcohol, to which is added next day an equal volume of water, 
or thrice the volume of water may be added. I was somewhat 
surprised at first on trying this reaction to find that I did not 
succeed. Ultimately I found, however, that the cause of my 
want of success was due to the saffranin which I used, and 

1 “ A Now Method of Preparing the Skin for Histological Examination,” 
Joitrn. Am a 1 , and Phya . , 18/5. 

2 Monarch, f. prahl. Dermal., B. LI., L8S3 and 188(5, p. 242. 

3 Wien. Mco. .Jahrh, .188(5. 

* Dor l.s rh >*, d. Med:, Bd. IV. p. 785. 

n u Un mote. Jo Betnplice per la cnlorazione delie fibre elastische,” Zcitsch f. 
w Dae ii. Micros., IV. p. 3f" 
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which I procured in this country. On procuring a sample of 
saftVanin — 0, I at\)iice obtained tlje result described by JVlar- 
tinotti, viz., coloration of tile elastic ’fibres of a bluish or 
blackish-purple tint — or the* fibres may, be quite black — while 
certain of the other elements, cxj., the nuclei, are stained red, 
and other elements diffuse red tint. The sections, over-stained 
in saftVanin, are partially decolorised in acid -alcohol, and then 
mounted in xylol-balsam. •> * „ 

This is a most excellent method. I ? have used it specially for 
the elastic fibres in arteries. By this method the student gets 
a good idea of the distribution of the elastic st.nvetu res — mem- 
branes and fibres — in the various coats of an artery. It is also 
most serviceable for sections of the lung. In this case the 
elastic network* between the air-vesicles can be traced quite 
readily, and so can the elastic fibres in the ileep layer of the 
pleura. One can readily trace the connection of the hitter 
system of elastic fibres — epi-pulmonary--- with the intra- 
pulmonary system of elastic fibres. Similarly, sections — 
transverse and longitudinal — of the trachpa and bronchi yield 
good pictures. It is also very serviceable in the cast* of the 
spleen, revealing the extent and ramifications of the clastic 
fibres in the trabecula? and in the intra-splenio arteries and 
veins. By it also the distribution of elastic fibres in the* cutis 
vent is made fairly distinct, although we still require a good 
description of the arrangement *>f the elastic, fibres in the cutis 
vera and its papillae. 

The coloration may be effected more rapidly by keeping the 
sections in the saftVanin solution at a temperature of 37-38" (1 
for five hours or so. 

Ferria 1 fintls that even tissues hardened in absolute alcohol 
give the reaction, jprovided the sections are kept for at least five 
hours in a watery solution of chromic acid (1 : 1000) at a tem- 
perature of 37° C. or thereabout. They are then washed and 
stained in saffranin. •» 

Elastic Fibres in the Lanj. — I Jmve devispd the two 

t 

1 u La colorazione d. fibre elastiche eoLT a,eidp cromico e coll. sajfraiiin,” Giorn, 
della It. J-rcad . d. Med., 1888, No*. 0-7 • 
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following methods, winch give good results : — Make thin sec- 
tions of a dried bind distended lung, and stafn the sections on a 
slide with very dilute magenta. ’Care must he taken that the 
dry sections do not cuylhp, \vhiclmthey readily do when fluid is 
applied ^o them. Remove the surplus magenta and allow the 
section to dry completely on the slide. When the section is 
Completely dry, add a drop of balsam and cover the preparation. 
Tin; elastic fibres are stainrjd red and their distribution and 

arrangement in and between the walls of the air-vesicles can be 
53 4 * <■ 
seen distinctly. r ’ 

Instead of magenta methyl-violet may beamed. The sections 
are then clarified by a mixture of aniline oil and xylol, and 
mounted in balsam. 

Sam>kv<ii hta of Striped. 'Muxcte. — The usual plan is to direct 
tluit,a piece of muscle be teased in distilled water, so that a blob 
may be formed at one ot more parts on the surface of the fibre. 
This method is by no means so very successful, and I daresay 
most teachers of Practical Histology have experienced some 
difficulty in enabling. every student to secure a good prepara- 
tion. A far better plan is that of Solger. 1 Place small pieces 
of fresh muscle in a saturated solution of ammonium carbonate 
(saturated in (ho cold) lor a few minutes (3-5). Tease it 
slightly. It may remain in the /fluid with advantage for a 
longer time. The .sareolemma is rapidly raised in the form of a 
clear bleb for a * considerable distance along the course of the 
fibres, and there is not mifrequently here /md there a small 
quantity of .sarcoglia adhering to its under 1 surface. The 
reaction seems to succeed better on animals (frogs) that have 
been kept in confinement for some time. 

To see the ruptured sarcov.s substance i and the sareolemma 
stretching between the ends of the ruptured fibre, one of the 
best methods is the following : — Tease out a small portion of a 
fresh striped muscle in normal saline and place a luiir — prefer- 
ably from- the beard — across the direction of the fibres on the 
slide. Apply a cover-glass, and press the latter down firmly on 

t. 

1 “ Koblenz ares Aunnouiak, cio Mittel zur Demonst. d. Saidtolommas,” Zeita. 
f. 'H'isxen. Mtkrofs*, VI. p. fSD. 



ON SOME RECENT AND NEW HISTOLOGICAL METHODS. 238 


the preparation. ^ The flattened# hair ruptures the fibres, the 
sarcous substance retracts, and the, course of tlio hair — alt^r t he 
latter is removed— is marked by a line 'showing the sarcolemxna 
of the individual ruptured fibres. ' ,« 

■Muscle Discs . — The usual plan is to plane dead njuscle for 
several days in ’2 per cent, hydrochloric acid. This is often not 
a satisfactory method. I find that maceration for several hours 
in a saturated solution of ammonium carbonate vapidly effects 
the transverse cleavage of a striped ynnscular fibre into muscle 
discs. t ' * 

Heidenho in’s Method for (Jhtnds. — This method is applicable 
to all secretory glandular structures and to connective tissue. as 
well. One obtains very instructive preparations of the salivary 
glands and pancreas by this melW>d. Tlci gland is hardened in 
a Ieoh of and small pieces of the hardened gjaud are placed for 
six to eight hours in 10 e.e. of ()o 1 per cent, watery solution 
of hiiMnafoxvlin ;*and then for ail equal period in a few e.e. of 
o per cent, solution of potassie bichromate or ! per cent, watery 
solution of alum. Tire pieces look quitv black, when they are 
removed from the luematoxyliu fluid. In this method the 
change of colour in the luematoxylin caused by the chromium 
salt or the alum is effected within the tissye itself. In the 
submax illary gland, for t ax am pie, the nuclei are s tabled of 
pleasant bluish-black tint, the coil-substance is steel grey, while 
the demilunes stand out distinctly. 

This method does also very well for serous salivary glands 
such as the parotid, ami also for the pancreas. # 

Heidenhain, 1 I think, has recently aUorcd somewhat the 
method for the better. The tissue, hardened in alcohol, or a 
saturated solution of picric acid, is placed for twelve to twenty- 
four hours in i per cent, of a watery solution of hiematoxylin, 
and subsequently in *5 per cent, solution of potassie chromate, 
in which it is bleached somewhat. By employing small pieces 
of tissue a differentiation of the chromatin can be obtained. 

Recently a large number of new methods have, been recoin-* 

mended for the studv of nerve fi tires. While the ordinary 

k “ 

1 Arch, f.jihlc. An at., 1M. XXV»1I. ji. 3S3. * 



WILLIAM STIRLING 


234 

method with silvef' nitrate dues very well for Jlanviers’s crosses, 
I thik'k the following method is preferable; besides it lias 
the advantage of revealing very sharply the alternate brown 
and clear transverse lines in the axial cylinder known as 
Fromnuivms lines: — 

Ran*;ixrs Crosses and Froniraunris Lines. — Place a fresh 
nerve in \> 1 per cent, silver nitrate solution for twenty-four 
hours, and ke«p it- in the dark. After the expiry of this time 
remove the nerve, wash U % in water, amj expose it to light for 
two to three days in equal pfirts'of formic acid, glycerine, and 
water, and preserve it in glycerine. "The crosses arc sharply 
defined^ and so art* Frommanu's lines ; and if ail axial cylinder 
happen to be detached from its ‘position within a nerve fibre, 
the bioonioal swelling at the node can be readily seen. 

Nevro-Kcmtm*NehmiL and Axis Cylinder . — Kiilme used 
tryptic digestion for revealing the presence of the neuro-keratin 
network in the myelin of medullated nerve-fibres. This is 
not a ‘method capable of being readily employed by the 
average student. The. following method of Platncr yields good 
results: 1 ** — Place a fresh sciatic nerve — cjj , of a Frog — in a 
dilute 'solution of ferric chloride, consisting of- — 

t Lit] nor ferri perch loride, . . 1 part. 

Distilled water or spirit, . * . 3 — I parts. 

Leave the nerve ifi this fluid fol three or four days. Wash 
every trace of the iron salt out of the preparation. This can 
readily be ascertained by means of the thiocyanate test. 
Preserve it in alcohol. Place small portions of the nerve in a 
saturated solution of dinitro-resorciu in To per cent, alcohol. 
This* unites with iron in the tissue, and gives a very durable 
green tint. Alizarin employed in the sapje way gives a 
violet colour. 

Tease a fragment, dehydrate it in alcohol, and mount it in 
xylol bals;vn. 

* This is an pxcellent mqthod. The axis cylinder lias a green 
colour, and stands' out sharply. It can be traced with ease 

1 Zeii*\ f. iris sot . Mikros .} yi. 186. 
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through several i^ter-annular seamen t&. The nodes of Ranvier 
are also sharply defined, while a network of fibres iri the rflyelin, 
corresponding, according to Platner, to the neuro-keratin 
network of Kuhnc, is stained green. The method also succeeds 
with nerves hardened in Mullers fluid or picro-sulnhuVic acid. 

Transverse Markings on Axis Cylinders and Nerve-Cells . — 
The existence of alternate dark and clear or lighter brown 
transverse markings, known as Frommanns line>4' on The axial 
cylinders of cerebrospinal nerves is well known ; but, judging 
from the ordinary text-books, the existence of similar mark urns 
on the axis cylinders of the central nervous system, and also on 
the nerve-cells of the spinal cord, does not seem to be !so well 
known. This is all the •more, remarkable considering how 
readily they can be prepared. These striae are so* regular in 
their arrangement as to remind one at the first glance ^f the 
alternate clear and dim discs of striped muscle. Five years 
after the appearance of FrominannV paper Grand ry 2 described a 
method for demonstrating these lines. Tie used the spinal cord 
of the ox and the sciatic nerve of the frog. The organs must 
be quite fresh, and placed in the silver solution immediately 
after death. The objects are placed in silver nitrate solution 
(1 : 400 ), and kept in the dark, at the ordinary temperature, for 
four to five days. After this they are exposed to daylight in 
the same solution for two to three days. Fragments are teased 
in acidulated glycerine. 

The transverse striatum on the axis-cylinder is regular,"' and 
is composed of alternate dark (brown) and clear (or very faintly 
brownish) stripes, as if the silver had acted on one part and not 
on the other; the brown stripes have a certain breadth, which 
is not quite constant along dhe course of the fibre, while the 
distance l>etween«the brown bands, Le., the clear part, may also 
vary at different parts of the cylinder. The intermediate or 
clear part is either completely colourless or faintly tinged with 
brown. Both Frommann and Grandly found that longitudinal 

1 “ Zur SiTberfurbung dor AJtencylinder, ,, Vircli. Arch., XXXI. 

3 “ Do la structure in time du cylindre do l’axe et des ct dales nervouses,’* 
Journal ^lc I’Anat . ct de la Phy-ioL, de C. Robin, Paris, lStf& See also Schwann, 
Bulletin de l* Acad, den Science# de Belgique, 37 c> Annee, 2 ’ S rio 3 vol. XX V. p. 287- 



WILLIAM STIRLING 


23G 

striatum was occasionally to *be observed ou the same axis- 
cylinders on which tlie transverse markings were distinctly seen. 

On employing the shine method for the large multipolar 
nerve-cells of the anterior cornea* of the grey matter of the 
spinal cord of the ox, only leaving the tissue for a longer time 
in the staining fluid. Grandly found similar transverse markings 
on the nerve-cells. The finer stria? appeared homogeneous, but 
the larger brown ones appealed to be composed of an aggre- 
gation of brown or black , grains united together. The stria? 
exist only on the body of tli6 cells and its processes, but they 
do not occur oft the nucleus. Longitudinal . s&rktion also exists 
in<thc eell. As to the significance of this transverse striation, 
some observers, such as II. D. SehmidtLind 11. Arndt, 3 say that 
they are due to the s£ructur;El properties of the axis-cylinders ; 
others BoverL.and ScJ lie (ford ecker, regard them as artificial 
productions. 

To reveal these markings, the best method is that of 
Jakimoviteh. 3 The strength of the silver nitrate solution varies 
from 2d -1 per cent.,, according to tlie nature of the tissue. 
The 25 per cent, solution is employed for fibres in the central 
nervotts system — 5 per cent, for peripheral nerves and 1 per 
cent, for nerve-cells. Very small parts of the perfectly fresh 
tissue are placed in a large quantity, of «the sil ver solution and 
kept in darkness. After twenty-four hours, the fluid being 
renewed several times in the interval, the pieces are well washed 
in water and exposed to light until they become brown. The 
tissue is then placed in the following mixture, arid exposed to 
the light for several days — ‘ 

Tor m ie acid, ... 1 part. # 

Amy lie alcohol, ... 1 part. 

Water, . . .100 pr,rts. 

In this fluid the tissue becomes somewhat more transparent, as 
part of the reduced silver is redissolved by tlie acid, hence it is 

1 “ On tlie construction of tlie Dark or Double -bordered Nerve-Fibre,” Monthly 

Mir . Jour., XI. v p. 200. r 

2 “ Efcwiis viber die Axen-Cylinder der Nervcnfasern,” V r ireh. Arch., vol. LXXVIII. 

s “ &ur la structure du cyf'nd re-ax.* et dt *3 cellules nervouses,” Jour, de /’ Aunt. 

cl de la I’k-ysihl., XXIV., p. M2. 1 i 
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necessary to change the solution from, time k> time. When all 
the silver that c;m be dissolved has passed itito solution, what 
remains assumes a brownish tint. For Froinmann’s lines or 
axis-cylinder so long a time is not renpired as for nerve-cells. 
In the case of the latter, the object is left in silver nitrate for 
forty-eight hours, and five to seven days in the add fluid. The 
preparation is mounted in dilute glycerine. 

In order to obtain the striatum* the nerve-tissue should be as 
fresh as possible, preferably from * a freshly-killed animal. 
(Iran dry gives the limit as dx hours after death, after which, 
according to him, the experiment does not succeed ; but, in the 
case of the spinal cord of the ox, T ha ve succeeded with a cord 
removed twelve hours after d^atli, but this applies to the axis- 
cylinders only. , In some cases i!he clear bands are broader than 
the dark bands, and in other eases the reverse is the ease. 
According to Jakimovitch these markings traverse the whole 
thickness of the axis-cylinder, and have nothing to do with the 
axilemma. On this and other grounds lie thinks that the 
axis-cylinder is made up of fibrils consisting of “nervous 
particles,” alternate discs, differing in chemical constitii lion, and 
therefore behaving differently to silver nitrate. No such 
transverse striatiou, however, is to be obtained with non- 

medu Hated nerve-iibms. , 

=* 

To see the transverse striatum on the cells, the tissue is 
placed in a stronger solution of silver and exposed for a longer 
time to light. # >So far only the targe multipolar nerve-gdls of 
the grey master of the spinal cord have been sfyown to exhibit 
transverse ^nations by this method. 

T)rff Preparations of ilte Spinal Corf l . — On a slide stain a. 
transverse ^section of a spinal cord with methylene • blue. 
Remove the surplus dye and allow the section to dry on a slide. 
When it is thoroughly dry add a drop of balsam and cover 
the preparation. There Is a sharp differentiation of the 
individual parts of the section. The cells are shrunk somewhat, 
but otherwise the appearance of tl;e section js not greatly 
altered by the process, and the result is a [Reparation agreeable 
to tlm eye. » * 
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Golgi’s Method Jfrr Central Nervous System } — This method 
only requires to be* tried, and* satisfactory results are obtained 
with a little care. It is* one which can readily be practised 
with success by a student.' Harden the brain and spinal cord 
in Miilleivs fluid or 2 per cent, potassic bichromate for six weeks, 
or longer. Small pieces of the hardened brain are placed in a 
small quantity of a quarter per cent, silver nitrate, and washed 
in this until t\\i the surplus silver on the surface of the piece of 
tissue is transformed into, silver chromate. The pieces are 
afterwards placed for forty-ei*jht hours or .longer in *2o per cent, 
silver nitrate, and the whole kept in the dark.- <A. half per cent, 
solution* of mercuric chloride may be used instead of the silver, 
but the latter yields results more speedily. Harden the tissue 
in alcohol, Mnake moderately thin sections from the surface. 
The first section is .almost certain to contain a large number of 
black patches of deposited silver, but the next section will 
yield good results. Care must be taken that the plane of 
section runs , parallel to the direction of the cells and their 
processes. 

In properly prepared sections which are mounted in balsam 
without a cover-glass being applied one can see the nerve-cells 
and their finest, processes quite black, and one realises the 
wealth' of branched processes possessed by cerebral, cerebellar, 
and spinal nerve-cells in a way that is not possible by any 
oilier method. Sofnetimes it happens that the silver is largely 
deposited on the blood-vessels, so that in sections of the spinal 
cord one can readily trace the distribution of the spinal vessels 
within the medulla by the blackened deposit which exactly 
follows the distribution of the blood vessels. 


1 Sulla jhia Linalomia de<jli ory/rui del si stem a nerroso, Milan, 18715. 
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Senior Demonstrator of Physiology in Owens College. 

The fat extraction apparatus described below claims to be 
nothing more than vf convenient modification of one in fairly 
constant use, viz./Drechsefis. It possesses, however, advantages 
which perhaps justify a somewhat detailed description. ‘ * 

It consists of tvv r o flasks; 'Uie^Qwer one (5) possessing a rather 
narrow base. Thus any fluid in this leaver flask will extend, 
for its bulk, a fair height up the flask. The upper lh>k (A) 


Jbic. l. 



Fat Extraction Apparatus. — >4, upper flask ; B, lower flask ; T, tube opening 
from lower end of A and reaching almost to bottom of B ; C, upright condenser ; 
S, tube closed by burette clip. 

fits by a ground glass joint CL) into tlie necjv of the lower, and 
a moj*c constricted tube extend* fror* the bulbous portion 
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forming the stopper as it were, to within a short distance from 
the bottom of the lower flask. In addition, the lower flask has 
a tube',*’ fitting also by a ground glass joint, opening from its 
side in the position seen in the diagram, and provided with a 
tap. 

Into the upper flask is fitted a cork, and through this cork 
pass two glass tubes, one of which comes from the lower end of 
the inner chamber of an upright condenser. The second tube 
passing through the cork ,(./Q of the upper flask is closed with 
.a small piece of india-rubber tubing, and this is clipped with an 
ordinary burette clip. The lower Has is, wheq in use, placed 
in a hot bath in the usual manner. I prefer using a large, basin, 
though the loss by evaporation, is more rapid, since this is 
compensated by the change of temperature of the water being 
very slow ; in fact, it is possible to leave the apparatus for a 
considerable time, ff the flame of the Bunsen burner be properly 
adjusted, without any change of consequence occurring. 

It will be unnecessary to do more than point out how the 
circulation of the ether can only be in one direction, viz., from 
the tube at the side of the flask (./>), through the condenser, 
and tliQn to the upper flask. It is of course blocked from the 
upper flask by the column of fluid in the tube T. The ether, 
therefore, should always be put in the lower flask in sufficient 
quantity (allowing for decrease when part is in circulation), 
to reach well above the end of tl\js tube. 

It. will be well, perhaps, to briefly describe the working. The 
substance from which the fat is to be extracted is placed on 
the plaited filter in A. A sufficient quantity of ether is poured 
over it, and then passes into the lower flask. The cork at K 
is replaced, and the apparatus is then fixed (by ail arrangement 
not shown in the diagram), so that the lower part of B is well 
immersed in the water bath. I generally remove the clip at. 
S till the ether has got into thorough circulation. It soon 
commences to pass in a regular stream (not simply a succession 
of drops), from the tube at R. The clip S is then replaced, 
veiy little ether huffing been lost by its removal. The pressure 
in the lower flask can 1 e tested at any time by loosening the 
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clip and observing the height of the column of fluid in T. 
This of course ve.y soon falls, however, after such loosening. 
The clip furnishes, therefore, a read; 7 means of lowering the 
pressure. 

When thoroughly started, the apparatus requires very little 
attention. I have left it- entirely for two hours, and Found on 
return that it required no re-adjustment beyond the addition 
of water to the water bath. 

When the fats are sufficiently extracted from* l he substance 
on the filter, the ether can be recovered in a very simple 
manner. The gork at K is removed from the upper vessel and 
inserted into a suitable flask. The lower flask is closed at L by 
a stopper fitting it. The ether continues to vaporise, but it is 
condensed now into the flask Instead of passing again into />. 
If the fats are being quantitatively estimated, it is necessary to 
wash the end of T , within and without, with a little fresh 
ether, arid add the same to that in B. 

The advantages 1 find, by experience, the apparatus possesses 
over DreehseTs are the much more rapid circulation of the ether 
and the greater safety and freedom from likelihood of explosion. 
It is naturally an advantage to have the ether completely con- 
densed before reaching A, instead of filling A with a mixture 
of cold condensed ether and hot ether vapour. In fact, the 
circulation in the two forms of the apparatus may to some 
extent bo compared to that of the blood in mammals on the one 
ha /id and r eptiles on the other. 

I think, however, that the freedom from probable explosion, 
which I believe the arrangement obtains, is not its least 
advantage. 
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